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-+-',w¯%<";=N<";)vI,)-'D-';)v Y$'v)v)FGD0E"<"/0*@v=;$;=<?-'/2v Y$/21
;=N2F@$'v)v)FG4D0E?Fp1$,=;)v! |~N2F&p-'/g;=,)-'E"E"<"/0*v)+v=;)FG®<?v;=N2F&p-'G0.0;)F,$/21 Ng.0G$/
<"/g;)F, x $'&pFpv ;=N$; G$/$*F4$/21y&p-O-',)1m<"/$;)F4;=N2F6$'&;=<">O<";=<?FpvR-'/@;=N2Fwx£$'&;)-',= -+-',!
|~N0<?v;=N2Fpv=<?vf$<"Gov;)-d.2v)F,)F$E{z ;=<"GoFnv=mv=;)FGovo$'vF/21+z -'<"/g;)v<"/\1m<?v=;=,=<"D0.0;)Fp1
G4.0E";=<"GoFp1m<i$m!w|~Ng.2v ¨<";w&$/nDF&Ei$<"GoFp1:;=N$;t<"; vI$/n.0/O;=,$'1m<";=<?-'/$EC.2v)F5x£-',t,)F$E{z
;=<"GoF6v=mv=;)FGov!
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R-'/mz ,)F$E{z ;=<"GoFRv=+v);)FGovC.2v=.$E"E" x`-'E"E?-ﬃ¯ v ;=N2F%DFpv=; z}F -',=; -'E"<?&!b|~N2F <?10F$I<?v ;=N$;
;=N2F4v=mv=;)FG <?vwv=N$,)Fp1:Fpug.$E"E"DOy$E"E^;$'v)(+vt,=.0/0/0<"/0*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N2-ﬃ¯±G4.2&Nn;=<"GoFI<?v%/2FpFp10Fp1y¯%N2F/n$ ;$'v=(f.2v)Fpv%;=N2Fwx£F$;=.0,)Fﬁ!
ª³/d/2-'/mz ,)F$E{z ;=<"GoFf&p-'G0.0;=<"/0* ^&p-',=,)Fp&;=/2Fpv)v4<?v610FF/210F/g;-'/d;=N2FoE?-'*ﬁ<?&$E v)FKz
uO.2F/2&pF-x <"/2v=;=,=.2&;=<?-'/2v6F "0Fp&.0;=<?-'/ D0.0;I/2-';   ﬂa;=N2F:$,)FF "0Fp&.0;)Fp1!5ª};w<?vw,)FKz
uO.0<",)Fp1;=N$; ;=N2F~,)Fpv=.0E";¬-x$I&p-'G0.0;$;=<?-'/f<?v &p-',=,)Fp&; D0.0; ;=N2F,)F  v /2-510F$'1mE"<"/2F%x£-',
;=N2Fw10FE"<">F,= -xﬀ;=N2FR,)Fpv=.0E";!Cª³/f$4,)F$E{z ;=<"GoF5v=mv=;)FG&g;=N2FR,)Fpv=.0E";~-xb$&p-'G0.0;$;=<?-'/
G.2v=; DF510FE"<">F,)Fp1n$;%;=N2F5,=<"*ﬁNO;t;=<"GoFI<"/y-',)10F, ;)-oDF5&p-',=,)Fp&;!
|~<"G<"/0*5&p-'/2v=;=,$<"/O;)vbx`-',b,)F$E{z ;=<"GoF~;$'v=(mv^&$/ DF$,=D0<";=,$,=<"E" &p-'G0E"<?&$;)Fp1'ﬁD0.0;
;=N2F¬Go-ﬁv=;^&p-'GGo-'/ ;=<"G<"/0*I&p-'/2v=;=,$<"/g;)vbx£-',ﬀ;$'v=(mv^$,)FF<";=N2F,bF,=<?-+1m<?& -',$F,=<?-+1m<?&
8Pﬁ# ,
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N$>F;=<"G<"/0*&p-'/2v=;=,$<"/O;)v-'/ D-';=N v=;$,=;$/21
J2/0<?v=N@;=<"GoFpv!
• ©wZg'ﬂbﬂnc0V  !wª}/:;=N2F&$'vF-x¬$F,=<?-+1m<?&;$'v=(+v$oF,=<?-+1yG<"*ﬁNO;IGoF$/
-'/2&pF5F,tF,=<?-+1| -',tF "2$'&;=E"f|¤.0/0<";)vw$$,=;!
|~N0<?v v)F$,$;=<?-'/ <?v6<"G-',=;$/g; ¯%N2F/ &N2-O-ﬁv=<"/0*:v)&)N2Fp1m.0E"<"/0*d$E"*-',=<";=N0G  +Fp&;=<?-'/
Pm!87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;$'v=(mv;=N$;t$,)F6$F,=<?-+1m<?&5$/21
;$'v=(mv¬;=N$;%$,)FwF,=<?-O1m<?&ﬁ!C|~NO.2v mv)&)N2Fp1m.0E"<"/0*$E"*-',=<";=N0Gov~;=N$;~N$/21mE?FwD-';=N ;³OFpv
-x;=<"G<"/0*&p-'/2v=;=,$<"/O;)vt¯%<"E"EYDFIGo-',)F6v=.0<";$D0E?Fﬁ!
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v=mv=;)FGov4$,)F&p-'GGo-'/0E"av=0E"<";5<"/g;)-y;}¯¬-n&$;)F*-',=<?Fpv b10FF/21m<"/0*:-'/aN2-¯ v)F,=<?-'.2v
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•  c0 efZgc2]ihkj4ﬂ`_Z !ª³/aN$,)1d,)F$E{z ;=<"GoFfv=mv=;)FGov ﬀ<";$'v5.0/$'&p&pF0;$D0E?Ff;)-
G<?v)v$10F$'1mE"<"/2Fﬁ!|~N2F,)Fpug.0<",)Fp1E?F>FE¬-x%v)F,=>O<?&pFf$/21dD-'.0/210Fp1a,)Fpv=-'/2v)F
;=<"GoF5G4.2v=;tDFI*ﬁ.$,$/O;)FpFp1!
|~N2F4<?vt,)Fpug.0<",)Fp1:-x &p-'G0.0;)F,wv)+v=;)FGovt¯%N2F,)F6x $<"E".0,)F6;)-GoFpF;I$10F$'1mE"<"/2F
&p-'.0E?1&$.2v)F@1m<?v$'v);=,)-'.2v,)F$E{z E"<{x`Fy&p-'/2v)Fpug.2F/2&pFpvﬃ! °t/F "2$G0E?F@-xI;=N0<?v<?v
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&,=<";=<?&$E !#.0;IN$,)1:,)F$E{z ;=<"GoF<?v5$E?v)-f.2v)Fp1:<"/dE?Fpv)vI1m,$G$;=<?&&p-'/g;)F "m;)v!
9n<?v)v=<"/0*6$w10F$'1mE"<"/2F~G<"*ﬁNg; DF.0/$'&p&pF0;$D0E?F gF>F/<{x¨;=N2F~&p-'/2v)FpuO.2F/2&pFpv $,)F
/2-';¬1m<?vk$'v=;=,)-'.2v! QR/2FtF "2$G0E?Fw-xY;=N0<?v¬&p-'.0E?1DFw$5,)-'D-'; <"/$5,)Fpv)F$,)&N Ei$D 
¯%N2F,)F5;=<"G<"/0*0,)Fp&<?v=<?-'/y<?v%&,=<";=<?&$E ! ª}x^;=N2F5v=mv=;)FG ;=N$; &p-'/g;=,)-'E^;=N2FI,)-'D-';
<?vEi$;)F C<";G<"*ﬁNO;,)F/210F, ;=N2FF "mF,=<"GoF/O;$E~,)Fpv=.0E";)v .2v)FE?Fpv)v!:|~N0<?v G<"*ﬁNg;
/2-'; DF51m<?v$'v=;=,)-'.2v mD0.0;t.0/$'&p&pF0;$D0E?F6/2-'/2F;=N2FE?Fpv)v!
|~N2F,)F5$,)FIv)F>F,$Esb|tQ5 10Fpv=<"*ﬁ/2Fp1Fpv)Fp&<i$E"E"o;)- 0,)-ﬃ>O<?10FIN$,)1f,)F$E{z ;=<"GoFﬁ!
|~N0<?vY<?vYDFp&$.2v)F N$,)15,)F$E{z ;=<"GoF v=mv=;)FGovN$>F 10FG$/210v^;=N$;^$,)F v)-%v)Fp&<i$E
$/216,=<"*ﬁ<?14;=N$;ﬀ;=N2F5&$/0/2-';bDFCGoF;ﬀDg5/2-',=G$EmQ5  Fpvﬃ!^|~N2Fpv)F¬s|tQ5  Fpvb$,)F
;}+0<?&$E"E"o10Fpv=<"*ﬁ/2Fp1ox`-',C.2v)F <"/FG4DFp1010Fp1 v)+v=;)FGovﬃ!¬N2-',=.2vkQ5ﬃmw  g$/21
´+/#"2Q5$,)FR$E"EF "2$G0E?Fpv-xv).2&)N s|tQ5  Fpv!Cw-'; .0/O;=<"E¨,)Fp&pF/O;=E"N$'v$/Ogz
-'/2F v=.2&p&pFpvv x.0E"E" Go-+1m<{JFp1$510Fpv=(+;)-' Q5 ;)-6v=.00-',=; N$,)1,)F$E{z ;=<"GoFﬁ!Cs|z
´<"/O.#"  ¬N$0;)F,tr  $/21fstF$E{z}|~<"GoFI°R00E"<?&$;=<?-'/ª}/O;)F, x£$'&pF `s|ﬀ°wª  ´<"/g.#"
 ¬N$0;)F,m!87 $,)F D-';=NF "2$G0E?Fpv¬-x´<"/g.#" Go-O1m<{JFp1<"/-',)10F, ;)-6v).00-',=;
N$,)1,)F$E{z ;=<"GoFﬁ!
• ¨ efZgc2]ihkj4ﬂ`_aZ !o+-x;5,)F$E{z ;=<"GoFov)+v=;)FGov6$,)F.2vFp1<"/a&p-'/g;)F "m;)v5¯%N2F,)F
;=N2Fo,)FpuO.0<",)FGoF/g;)v x£-',6D-'.0/210Fp1,)Fpv)-'/2v)Fo;=<"GoF<?v4/2-';uO.0<";)F $'v,=<"*ﬁ<?1!@ª};
G<"*ﬁNg; DF $'&p&pF0;$D0E?F%;)-IG<?vv $/o-O&p&$'v)<?-'/$E210F$'1mE"<"/2F <{xx`-',CF "2$G0E?F ;=N0<?v
<"G0,)->Fpv;=N2FRF, x£-',=G$/2&pFR<"/ -';=N2F,%$,)F$'v gE"<"(FR;=N0,)-'.0*ﬁN00.0; $/21x $<",=/2Fpv)v!
9n.0E";=<"GoFp1m<i$o$00E"<?&$;=<?-'/2v /2-',=G$E"E"fx $E"E<"/O;)-;=N2F5v)-x`;%,)F$E{z ;=<"GoF6&$;)F*-',=!
|~N0<?v6&$/dDF¯¬FE"EC<"E"E".2v=;=,$;)Fp1a<"/dG$/gd1m<F,)F/O;4F "2$G0E?Fpv!ª x¯¬F$,)F;)-
¯$;)&Nv=;=,)F$G<"/0*>O<?10Fp-a-'/-'.0, 10Fpv=(O;)-'&p-'G0.0;)F, ¯¬F@F "mFp&;<";;)-dDF
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	ﬀ   d&p-'/2v=;$/g; x`,$GoF,$;)Fﬁ! Rv=.$E"E"d;=N2-'.0*ﬁN <"; <?v/2-';$'&Kz
&pF0;$D0E?F;=N$;^;=N2Fv=mv=;)FG x,)FpF¡Fpv$E"E+-';=N2F, $'&;=<">+<";=<?Fpvb<"/ -',)10F,b;)-tG$<"/O;$<"/
;=N2F%&p-'/2v=;$/O;Cx,$GoF~,$;)Fﬁ!°wv $/oF "0$G0E?F%-x;=N0<?v ﬁ<"G$*ﬁ<"/2F%;=N$; $I10Fpv)(O;)-'
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-',wGo-O1m<{JFp1n>F,)v=<?-'/2vI-x ;=N2Fpv)F <"/:v-x;R,)F$E{z ;=<"GoF v)+v=;)FGovﬃ! !Rs| ´<"/g.#"
 ¬N$0;)F, m!8A4$/21sR¢ H ´<"/g.#"  ¬N$0;)F,m! M 6$,)FD-';=NF "2$G0E?Fpv4-xt$
10Fpv=(+;)-'nQ5fGo-+1m<{JFp1;)-ov=.00-',=; v)-x`;%,)F$E{z ;=<"GoFﬁ!
|~N2F4Bb-',=;$D0E?FQRF,$;=<"/0*@O+v=;)FGª}/O;)F, x£$'&pF `B¬Q5+ª %,)F$E{z ;=<"GoFF "m;)F/2v=<?-'/2v
 Mg6¯¬F,)Fa10F>FE?-'Fp1±;)- F/$D0E?F$ &p-'G0E"<i$/O;nv=mv=;)FG ;)- DFa$D0E?Fd;)- 0,)->+<?10F
;=N2Fv)F,=>+<?&pFpvIF "+Fp&;)Fp1n<"/d$ v)-x`;t,)F$E{z ;=<"GoFv=mv=;)FGov! wRª v=mv=;)FGovw$/21-';=N2F,
,)F*ﬁ.0Ei$, x`.0E"E"x£F$;=.0,)Fp1Q5  Fpv ;=N$; <"/2&p-',=-',$;)FR;=N2Fpv)FtF "m;)F/2v=<?-'/2v &$/ DFt.2v)Fp1<"/
v)-x;~,)F$E{z ;=<"GoFv=+v);)FGov!
   82.  ﬂ !    ﬁ '*6$
N2F/ G$(O<"/0*a$n,)F$E{z ;=<"GoF@$00E"<?&$;=<?-'/  ;=N2F,)FfN$>F DFpF/ ;=N0,)FpF&$;)F*-',=<?Fpvo-x
sb|tQ5  Fpv;)-:&)N2-+-ﬁv)F x`,)-'G@! %2F$;=.0,)Fpvo$/21 E"<"G<";$;=<?-'/2v¯$,=ax`,)-'G &$;)F*-',=;)-
 7            
    
	#  	     ﬀ#                ﬀ
&$;)F*-',=!
•   _:X ZgbbZg _ﬂ0h  ¨Zg'ﬀZ+] ! Rv)<"/0*FG4DFp1010Fp1\G<?&,)-z (F,=/2FER$00E"<?&$z
;=<?-'/\0,)-'*ﬁ,$GGoF,)v$,)F*ﬁ<">F/E"<"G<";)Fp1\v).00-',=;-'/\,)F$E{z ;=<"GoFyv)&N2Fp1m.0E"<"/0*
$/21G4.2v=;t<"G0E?FGoF/g;tG$/O ,)F$E{z ;=<"GoF40,=<"G<";=<">Fpv ;=N2FGov)FE">Fpvﬃ! ¢ "2$G0E?Fpv
$,)Fw  0B¬0Q5ﬃ$/21y¬N2-',=.2vkQ5$ +Fp&;=<?-'/nm!" K!
• efZgc2]ih)ﬃﬂ`_aZZ ﬁZO^Vﬃﬂ¨^V !|Y,$'1m<";=<?-'/$E0/2-'/,)F$E{z ;=<"GoFtQ5  vb¯%<";=N ,)F$E{z ;=<"GoF
F "+;)F/2v=<?-'/2v 0,)->+<?10F v)-'GoFE"<"G<";)Fp1ov=.00-',=;bx`-',,)F$E{z ;=<"GoFt$00E"<?&$;=<?-'/2v gD0.0;
-x;)F/:v=.F,RF, x£-',=G$/2&pF 10FKJ&<?F/2&<?Fpvw1m.2F4;)-o;=N2F-',=<"*ﬁ<"/$E^/2-'/n,)F$E{z ;=<"GoF
(F,=/2FE$,)&)N0<";)Fp&;=.0,)Fﬁ! ¢ "2$G0E?Fpv -xYQ5  Fpv;=N$;bN$>F%DFpF/F "m;)F/210Fp1<"/;=N0<?v
¯$py$,)F59n<?&,)-ﬁv)-x`;  <"/210-¯ vtw|±$/21nO.0/:+-'Ei$,=<?vﬃ!
• §4__Zggﬂc2] e5jf !2-'GGoF,)&<i$EYs|tQ5  v%0,)-ﬃ>O<?10FI;=N2FwDFpv=;¬,)F$E{z ;=<"GoF
x`F$;=.0,)Fpv ¨D0.0;w$,)F4*F/2F,$E"E"yF "mF/2v=<">F $/21@/2-';w-'F/ ¨¯%N0<?&)N-x;)F/nG$(F
;=N2FG3<"E"E¬v).0<";)Fp1d<"/aG$/gd,)FpvF$,)&)N v=<";=.$;=<?-'/2v!f¢ "0$G0E?Fpv$,)Fo´+/#"$/21
sb|z}9$'&)NY!  ¬N2-',=.2vKQ5 .2v)Fp1 ;)-IDF<"/;=N0<?vC&$;)F*-',=$'vC¯¬FE"ED0.0;CN$'v v=<"/2&pF
1m,)-'0Fp1@-'.0;R-xb;=N$; G$,=(F;Rv)F*ﬁGoF/g;! 
%2-',,)Fpv)F$,)&N 0,)-  Fp&;)v-'/¤,)F$E{z ;=<"GoFdv)&N2Fp1m.0E"<"/0*$/21 $00E"<?&$;=<?-'/2v R<";f<?vfDFpv=;
<{xw$/ -'F/ F;-'0.0Ei$,os|tQ5a<?v$>'$<"Ei$D0E?Fﬁ!a|~N0<?v<?v-'/2F-xt;=N2FfGo-';=<">ﬁ$;=<?-'/2v
DFN0<"/21;=N2FRG$/g 0,)-  Fp&;)v¬/2-¯ &p-'/2&pF,=/2Fp1f¯%<";=Nf;=.0,=/0<"/0*´Y<"/g.#" <"/O;)- $/s|tQ5!
|~N2Ft,)F$E{z ;=<"GoFR´<"/O.#"o>'$,=<i$/O;)v x $E"E2<"/O;)-4;=N2F &$;)F*-',=o-x K,)F$E{z ;=<"GoFwF "+;)F/2v)<?-'/2v !
D0.0;¯%<";=Nv)-'GoFf/2F¯ <?10F$'v;=N$;G$(F;=N2FG®Go-',)Fv=<"G<"Ei$,<"/x£F$;=.0,)Fpv;)-:;=N2F
&p-'GGoF,)&<i$E s|tQ5  Fpv!6+-'GoF-x ;=N2Fpv)F,)F$E{z ;=<"GoF´<"/g.#":>'$,=<i$/O;)v5$,)F 1m<?v&.2v)v)Fp1
$/21&p-'G$,)Fp1y¯%<";=Ny$&p-'GGoF,)&<i$Eﬀs|tQ5 <"/n¬N$0;)F,Rm! s|%´<"/g.#"<?v%F "m0E?-',)Fp1
<"/@Go-',)F410F;$<"EY<"/n¬N$0;)F,Ir+!

  ﬂ"'" " ﬃ 	
|~N0<?v&)N$0;)F,N$'vf*ﬁ<">F/¤D0,=<?FKx0,)FpvF/g;$;=<?-'/2v@-x41m<?v=;=,=<"D0.0;)Fp1¤G.0E";=<"GoFp1m<i$ $/21
,)F$E{z ;=<"GoF&p-'G0.0;=<"/0*a$'vvFpF/<"/ ;=N2F&p-'/O;)F "+;-x ;=N0<?v ;=N2Fpv=<?v!n|~N2FGo-';=<">ﬁ$;=<?-'/
;)- 0.0;t;=N2Fpv)F;}¯-v=.0D Fp&;)vR;)-'*F;=N2F,6$,=<?v)Fpvtx,)-'G ;=N2F10Fpv=<",)F;)- $'101:v=Fp&<i$E"<"¡Fp1
v)&N2Fp1m.0E"<"/0*5v=.00-',=;b;)-wHI$w~$'B^-0!CH5$w~$'B^-5$<"Govb;)-%J2E"E+;=N2F /2FpFp14x£-',b&p-'GG.0/0<?&Kz
$;=<?-'/ov=mv=;)FGov^;=N$; &$/GoFpF;b;=N2F,)FpuO.0<",)FGoF/g;)v¬-x¨1m<?v=;=,=<"D0.0;)Fp1G4.0E";=<"GoFp1m<i$ +$/21
,)F$E{z ;=<"GoF5v=mv=;)FGovv=Fp&<i$E"<"¡FR<"/v)&N2Fp1m.0E"<"/0*ov=.00-',=;!C|~N2Ft0,)-'D0E?FG&0<?v;=N$;;=N2F
N2-ﬁv=; v)+v=;)FGov~<"/@1m<?v);=,=<"D0.0;)Fp1G4.0E";=<"GoFp1m<i$o.2v=.$E"E" /2FpFp1@;)-DFI10Fpv=(+;)-'@v=mv=;)FGov 
¯%N0<"E?FGo-ﬁv=;s|tQ5  FpvF, x£-',=G3D$'1mE"d-',4/2-';$; $E"E¬$'v 10Fpv=(+;)-'v=mv=;)FGov!f|~N2F
,)F$E{z ;=<"GoFf´<"/g.#"a>ﬁ$,=<i$/g;)v$,)F,)F$E{z ;=<"GoF F "+;)F/2v=<?-'/2v;)-y$10Fpv)(O;)-'v)+v=;)FG&ﬀD0.0;
N$>Fox£F$;=.0,)Fpv4;=N$; G$(F ;=N2FGL&p-'G$,$D0E?Ff;)-y&p-'GGoF,)&<i$E%s|tQ5  Fpv!@|~NO.2v 
,)F$E{z ;=<"GoF´<"/g.#"@v)FpFGov%;)-oDF6$/<?10F$Eﬀ&N2-'<?&pF6<"/@;=N0<?v ;=N2Fpv=<?v!
  	
  

 

  ®
	  

|~N0<?v&N$0;)F,F "m0Ei$<"/2v¯%N$;w-ga<?v $/21¯%Ng<";4<?v<"G-',=;$/O; <"/ 1m<?v=;=,=<"D0.0;)Fp1
G4.0E";=<"GoFp1m<i$m!ª};D0,=<?F 2a0,)Fpv)F/O;)v;=N2FN0<?v=;)-',=<?&$E~&p-'/2&pF0;=<?-'/ -x ;=N2F;)F,=G w-gﬃ
$/21F "m0Ei$<"/2vf¯%N$; G$(Fpvf;=N2F:F$,=E"\10FKJ2/0<";=<?-'/2v<"/2v=. &<?F/g;fx£-', G.0E";=<"GoFp1m<i$
v=+v);)FGov!n|~N0<?v<?vx£-'E"E?-¯Fp1 Dgv)-'GoFfGo-',)F10F;$<"E%-'/¯%N$;N$'vDFpF/ 10-'/2Ff;)-
10F>FE?-'±;=N2Fw-g¤&p-'/2&pF0;x£-',G4.0E";=<"GoFp1m<i$m! °R/21 J2/$E"E" ;=N2F,)Fd<?vy$ v)Fp&;=<?-'/
-'/\,)Fpv)-'.0,)&pFyG$/$*FGoF/g;y$/21 w-g <"/-'F,$;=<"/0* v)+v=;)FGovﬃ! |~N0<?vf&)N$0;)F,<?v
<"/2&E".210Fp1DFp&$.2v)Fww-go<?v¬>F,=<"G-',=;$/O;<"/ ;=N2FtGo-';=<">ﬁ$;=<?-'/ x`-',10F>FE?-'0<"/0*H5$
~$'B^- $/21;=N2F5;)F,=G <?v%.2v)Fp1F "m;)F/2v=<">FE";=N0,)-'.0*ﬁN2-'.0;t;=N2F6;=N2Fpv=<?v!
       
	  #	 
 
#F-'/21 ;=N2Ff<"/g;=.0<";=<">F@GoF$/0<"/0*a-xIw-g $'vv=+v);)FG®&N$,$'&;)F,=<?v=;=<?&pv;=N$;<"/2.mz
F/2&pF;=N2F F,)&pF<">Fp1ug.$E"<";³n-x~$ v)F,=>+<?&pF ;=N2F,)F <?vRE"<";=;=E?F&p-'/2v)F/2v).2v5-'/:;=N2F 0,)FKz
&<?v)FfGoF$/0<"/0*  E?F;$E?-'/2Ff;=N2Ffx`-',=G$E%10FKJ2/0<";=<?-'/\-x6w-g!R-ﬃ¯¬F>F, ¬;=N2F,)FN$p>F
DFpF/yvF>F,$Eﬀ0,)-'-ﬁv$E?v x£-',tv=.2&N$o10FKJ2/0<";=<?-'/Y! |~N2F6>+<?F¯ <"/@;=N0<?vR;=N2Fpv=<?v J2;)vt;=N2F
10FKJ2/0<";=<?-'/@0,)-'-ﬁvFp1Dg * -'*FE8r ,
 w-g¤,)F0,)FpvF/g;)v:;=N2Fav)F;:-x;=N2-ﬁvFaug.$/O;=<";$;=<">F $/21 uO.$E"<";$;=<">F
&)N$,$'&;)F,=<?v);=<?&pv-xR$@1m<?v=;=,=<"D0.0;)Fp1G4.0E";=<"GoFp1m<i$:v=mv=;)FG3/2Fp&pFpvv$,=d;)-
$'&)N0<?F>F4;=N2F5,)FpuO.0<",)Fp1x.0/2&;=<?-'/$E"<";³-xC$/n$00E"<?&$;=<?-'/Y! 
9y.0E";=<"GoFp1m<i$w$00E"<?&$;=<?-'/2v-ﬁvF ,)FpuO.0<",)FGoF/g;)vb;)-t;=N2F¬v=.00-',=;=<"/0*wv=mv=;)FG <"/ -',)10F,
;)-4DFw$D0E?FR;)-,=.0/Y! |~N2F x£-'E"E?-¯%<"/0*$,$*ﬁ,$0N2v%F "m0Ei$<"/2vN2-¯ w-g,)Fpug.0<",)FGoF/O;)v
$,)F0,)-'$*g$;)Fp1a;=N0,)-'.0*ﬁN ^$/21N$/21mE?Fp1Dg:;=N2Fv=mv=;)FG&Y$/21N2-¯ ;=N2F&$/dDF
F "+0,)Fpv)vFp1!
|ﬀ-5v=<"G0E"<{x`6;=N2Ftw-g &p-'/2&pF0; ﬁ<"; vC&p-'GGo-'/;)-I>+<?F¯ ;=N2FG4.0E";=<"GoFp1m<i$6v)+v=;)FG
$'vt-'/0E";}¯-$,=;)v'&G4.0E";=<"GoFp1m<i$f$00E"<?&$;=<?-'/2v5$'v ;=N2F5$,=;R,)Fpug.2Fpv=;=<"/0*w-gﬃ¨$/21
;=N2F%v=.00-',=;=<"/0*v=+v);)FG²$'vC;=N2F%$,=;x`.0E{J2E"E"<"/0* w-g!ª³/ w-g ,)Fpv)F$,)&)N m$wGo-',)F 10FKz
;$<"E?Fp1@$00,)-$'&)N@<?v%/2Fp&pFpvv$,=! w-g ,)Fpug.0<",)FGoF/O;)vR$,)FI<"/O;)F,=0,)F;)Fp1n$/21N$/21mE?Fp1
1m<F,)F/O;=E"n¯%<";=N0<"/d1m<F,)F/g;5$,=;)v5-x¬;=N2F G.0E";=<"GoFp1m<i$v=mv=;)FG@! N2F/d;=N2F *-$E
<?v4;)-nDF$D0E?F ;)-y0,)-ﬃ>O<?10Ff<"G0,)->Fp1\w-gv=.00-',=; <";<?v /2Fp&pFpv)vk$,=a;)-nvFpFo;=N0<?v
 A
 M         0  	      

 
     
x`,)-'G $wGo-',)F 10F;$<"E?Fp1F,)v=Fp&;=<">Fﬁ!|~Ng.2v mw-g ,)FpuO.0<",)FGoF/g;)v¬G4.2v=; DF%v=Fp&<{JFp1
1m<F,)F/g;=E" <"/;=N2Fy1m<F,)F/O;$,=;)v-x5;=N2F@v)+v=;)FG@! w-g $,$GoF;)F,)v G4.2v=;oDF
;=,$/2v=Ei$;)Fp1'¨-', G$0Fp1<"/g;)- 1m<F,)F/O;t$,$GoF;)F,)vRDg-'/2F5E?F>FEx£-', ;=N2FG ;)-DF
GoF$/0<"/0*'x`.0E $;R;=N2F/2F "+;RE?F>FE ! %-',IF "2$G0E?F $.2v)F,wG<"*ﬁNg;I,)FpuO.2Fpv=;Iv)-'GoF;=N0<"/0*
E"<"(F p$tDF;=;)F,CuO.$E"<";}40<?&;=.0,)F¬x£-',b;=N2F >+<?10Fp-Iv=;=,)F$GN2F <?vb¯$;)&N0<"/0*2! |ﬀ-w;=N2F~$mz
0E"<?&$;=<?-'/ 0;=N0<?v%&p-'.0E?1DFw;=,$/2v=Ei$;)Fp1<"/O;)-o$4N0<"*ﬁN2F,%,)Fpv-'E".0;=<?-'/@¯%<";=NGo-',)F5&p-'E?-',)v!
%b<"/$E"E"0;=N0<?v%&p-'.0E?1@$*g$<"/@DFw;=,$/2v=Ei$;)Fp1<"/g;)- $4,)FpuO.2Fpv=;~x£-',~Go-',)FID$/21m¯%<?1m;=Ny<"/
;=N2F &p-'GG4.0/0<?&$;=<?-'/v=.0D2v=mv=;)FG@!  <";=N;=N0<?vEi$pF,=<"/0*:<"/G<"/21'b;=N0<?v 10FKJ2/0<";=<?-'/
DO|b$/2F/gD$.0G 8M!^F "m0Ei$<"/2v%;=N2F6&p-'/2&pF0;t-x 
7 ﬀﬁ ¯¬FE"E ,
°v)F,=>+<?&pF<?v $wv)F; -x¨0,=<"G<";=<">Fpv `-'F,$;=<?-'/2v^;=N$; $wEi$pF, 0,)-ﬃ>O<?10Fpv
;)-n;=N2FfEi$F,$D-ﬃ>F <";!|~N2FfvF,=>O<?&pFf10FKJ2/2Fpv¯%N$;-'F,$;=<?-'/2v;=N2F
Ei$pF,<?v 0,)F$,)Fp1 ;)-:F, x£-',=G -'/ DFN$E{xw-xt<";)v .2v)F,)vD0.0; <";v$+v
/2-';=N0<"/0*:$;$E"E¬$D-'.0;6N2-ﬃ¯²;=N2Fpv)Fo-'F,$;=<?-'/2v$,)F<"G0E?FGoF/g;)Fp1!°
v)F,=>O<?&pFw,)FEi$;)Fpv~;)-$/<"/g;)F, x $'&pFIDF;³¯¬FpF/;³¯¬-Ei$F,)v +¯%<";=N;=N2FRE?-ﬃ¯¬F,
Ei$pF, DF<"/0*n;=N2Fv)F,=>+<?&pF0,)->+<?10F, C$/21a;=N2F.00F,Ei$pF,4DF<"/0*y;=N2F
v)F,=>O<?&pF6.2v)F,! 
BCEi$*FG$/0/F;! $E  MgP#ﬀ1m<">+<?10F mx£-', ;=N2FI0.0,=-ﬁv)Fpvt-x w-gﬃ$G.0E";=<"GoFp1m<i$ov=mv=;)FG
<"/O;)-6J2>F x.0/2&;=<?-'/$EEi$pF,)v +DF;}¯FpF/f¯%N0<?&N ;=N2FIw-g>ﬁ$E".2Fpv G.2v=;DFt;=,$/2v=Ei$;)Fp1
;)-J2;%;=N2F4v)F,=>O<?&pFI0,)-ﬃ>O<?10Fp1y<"/@F$'&)N ,
•  Z   V ! ª³/\;=N0<?v&p-'/O;)F "+; %/2F;³¯¬-',=(mvGoF$/2vf;=N2F@0Ngmv=<?&$Ew/2F;}¯-',=(+v
;=N$;t&p-'/0/2Fp&;RF/21+z}v=mv=;)FGov!
•   ZOcmﬃﬂ` VYVpZO_V ! °tE"Et;=N2F@-';=N2F,FE?FGoF/g;)vF "0&pF0;o/2F;³¯¬-',=(mv %$,)F
10FF/210F/O;R-'/@;=N2FQ5!
•   ^Yh)2hZO^ b2]WV !ﬀ|~N2F0,)-';)-O&p-'E?v<"/;=N2F~F/21+z}v=mv=;)FGovb;=N$;CF/$D0E?F
$00E"<?&$;=<?-'/2vt;)-o&p-'GG.0/0<?&$;)F $'&,)-ﬁvv%;=N2FI/2F;}¯-',=(+v!
• Ucmc _ac2^c Z+_aZ+fVpYVZO_aV !t°R00E"<?&$;=<?-'/2vR<"/:;=N2F F/21nv=mv=;)FGovt;=N$;
&p-'G0,=<?v)F$f,)F-ﬁv=<";)-',=:-x¬x.0/2&;=<?-'/2v4;)-v=;)-',)F ,)F;=,=<?F>F b$/21d&)N$/0*FoF, z
v=<?v=;)F/g;R12$;$&;=N$; <?v 2$ J2E?F5v)+v=;)FG&0-',w$12$;$D$'v)F6v=mv=;)FG K!
•   b]`ﬂcmﬃﬂ¨^V !°R00E"<?&$;=<?-'/2v;=N$;$,)Fo¯%,=<";=;)F/a;)-yv)-'E">Fov=Fp&<{J&G4.0E";=<{z
GoFp1m<i$:,)FEi$;)Fp1 0,)-'D0E?FGov!|~N0<?v<"/2&E".210FpvG.0E";=<"GoFp1m<i$$00E"<?&$;=<?-'/2v  D0.0;
$E?v)-f$00E"<?&$;=<?-'/2vw;=N$;5$,)F6Go-',)F<"/21m<",)Fp&;=E"@<"/g>-'E">Fp1'E"<"(F4x`-',wF "0$G0E?F$
>-'<?&pF5;)-;)F "m;%;=,$/2v=Ei$;)-',!
•  ^_c2:§4¨_bﬀZg%pZgc0ﬁﬃﬂ¨  §4
	 !|~N2FC<"/O;)F, x£$'&pFC;=N0,)-'.0*ﬁN¯%N0<?&)N
Ng.0G$/.2v)F,)v%$/21fG4.0E";=<"GoFp1m<i$v)+v=;)FGov&p-'GG4.0/0<?&$;)Fﬁ!|~N0<?v<"/2&E".210Fpv~;=N2F
10F>O<?&pFpv;=N$;x`-',v)F/2v)-',=-'.0;=0.0;~-',<"/00.0; OE"<"(F5$4Go-'/0<";)-',-',%$4(FOD-$,)1'
D0.0;I$E?v)- <"/g;)F, x $'&pFpv5$;I$E?-¯F,IE?F>FE¨E"<"(F$*ﬁ,$0N0<?&$E.2v)F,w<"/g;)F, x $'&pF1m<?v z
0Ei$pFp1y-'/:$ Go-'/0<";)-',!
 0     	     !
  P
Human Computer Interface
Applications
Data Management System
End−to−end Protocols
Host Network Interface Host Network Interface
End−to−end Protocols
Data Management System
Network














%b<"*ﬁ.0,)F4Am!" -, ´ﬀ$F,)Fp1n$,)&)N0<";)Fp&;=.0,)F -x $v$G0E?F5G4.0E";=<"GoFp1m<i$ v=mv=;)FG@!
ª}/o;=N0<?v ;=N2Fpv=<?v O;=N2F%x£-O&.2v <?v -'/w-g;=N2F ;³OF -xﬀv=.00-',=; 0,)-ﬃ>O<?10Fp1 DgoH5$~$'Bb- 
¯%N0<?&)N DFE?-'/0*v<"/ ;=N2FF/21+z ;)-z}F/21¤0,)-';)-+&p-'E?vEi$pF, RD0.0;;=N2F&p-'/2&pF0;<?vDFpv=;
F "+0Ei$<"/2Fp1¯%<";=N:$ *F/2F,$E^->F,=>+<?F¯6!
%b<"*ﬁ.0,)FAm!" :<"E"E".2v=;=,$;)FpvN2-ﬃ¯	;}¯- &p-'/0/2Fp&;)Fp1'I$E"DF<";1m<F,)F/O; tG.0E";=<"GoFp1m<i$
v=+v);)FGov$,)FIv)F$,$;)Fp1f<"/g;)-x`.0/2&;=<?-'/$EEi$pF,)v $x`;)F,¬;=N2F5$00,)-$'&N@10Fpv)&,=<"DFp1fDO
BCEi$*FG$/0/fF;! $E !|~N2Fwv=mv=;)FG²-'/;=N2FtE?FKx;¬,)F0,)Fpv)F/g;)v%$60,)Fpv)F/g;$;=<?-'/$EY$00E"<?&Kz
$;=<?-'/  +Fp&;=<?-'/7m!" ﬁ!" K!ª³;I<?v4$10Fpv=(+;)-'dG4.0E";=<"GoFp1m<i$nv=mv=;)FG&¯%N0<?&NF>F/g;=.$E"E"
0,)Fpv)F/g;)v;=N2Ff.2v)F,¯%<";=N NO.0G$/ ,)Fp&p-'*ﬁ/0<"¡ﬃ$D0E?Fnw-g!C|~N2Fv=mv=;)FG -'/ ;=N2F,=<"*ﬁNg;
<"E"E".2v=;=,$;)Fpv¬$512$;$5G$/$*FGoF/g;~v=+v);)FG&g$IG4.0E";=<"GoFp1m<i$v=;)-',$*F vF,=>F,!bª³/-',)10F,
;)-RGoFpF;C;=N2Ftw-g,)FpuO.0<",)FGoF/g;)v Dg ;=N2F.2v)F, $;;=N2F%10Fpv=(O;)-' ;=N2Fpv)F~,)Fpug.0<",)FGoF/O;)v
G4.2v=; DFI0,)-'$*g$;)Fp1@;=N0,)-'.0*ﬁN:$E"EY;=N2F5/2Fp&pFpv)v$,=fEi$pF,)vﬃ!
  
   ﬂ$' ﬃ!#   

|~N2F4;)F,=G3w-g@¯$'vwJ2,)v=;w.2v)Fp1n<"/n/2F;³¯¬-',=(:0,)-';)-O&p-'E?v 8M }!Iª³;t¯$'vI0,)-ﬃ>O<?10Fp1:DO
;=N2F /2F;}¯-',=(4Ei$F, $/214F/0N$/2&pFp1 <"/4;=N2F¬;=,$/2v=-',=;ﬀEi$pF,! w-g6$,$GoF;)F,)vb¯¬F,)F
   ﬂ   D0.0;5G<"*ﬁNg;6-',IG<"*ﬁNg;4/2-';wDFv=.00-',=;)Fp1'Y$/21¯¬F,)F/2F<";=N2F,5Go-'/0<";)-',)Fp1
/2-',IF/mx£-',)&pFp1!6|b$D0E?FoAm!" v=N2-ﬃ¯ v6$ ;$D0E?F4x`,)-'G 8M!C;=N$;wE"<?v);)vR;³O0<?&$EC;=,$/2v)-',=;
Ei$pF,Iw-g$,$GoF;)F,)v! |~N2F40,)-';)-O&p-'E?vR;=N$;t¯F,)F10Fpv=<"*ﬁ/2Fp1y;=N2F/:$,)F4;=N2F4v$GoF
;=N$;w$,)FDF<"/0* .2v)Fp1@;)-+12$p! #.0; ¨;=N2F6;)F,=Gw-gN$'vwv=<"/2&pF6DFpF/:D0,)-$'10F/2Fp1y;)-
F/2&p-'G$'v)v5$oE?-';wGo-',)F ;=N$/n<";I1m<?1y¯%N2F/:J2,)v=;w.2v)Fp1!w|~N2F6x£-'E"E?-¯%<"/0*10Fpv)&,=<"DFpv 
<"/*F/2F,$E;)F,=Gov 2v)-'GoF5-xb;=N2FIGo-ﬁv=;%<"G-',=;$/O;R$,)F$'v%<"/¯%N0<?&N@;=N2F5;=,$'1m<";=<?-'/$E
w-g&p-'/2&pF0;N$>FN$'1 ;)-:DF$.0*ﬁGoF/g;)Fp1 <"/ -',)10F,;)-v=.00-',=;Go-O10F,=/w-g
          0  	      

 
     
-'/0/2Fp&;=<?-'/:Fpv=;$D0E"<?v=N0GoF/g;w10FEi$p
-'/0/2Fp&;=<?-'/:Fpv=;$D0E"<?v=N0GoF/g;tx£$<"E".0,)F60,)-'D$D0<"E"<";}
|~N0,)-'.0*ﬁN00.0;
|ﬀ,$/2v=<";R10FEi$
sRFpv=<?1m.$EﬀF,=,)-', ,$;=<?-
BC,)-';)Fp&;=<?-'/
BC,=<?-',=<";³
sRFpv=<"E"<?F/2&pF
|^$D0E?F Am!" -,C| +0<?&$Eﬀ;=,$/2v=-',=; Ei$pF,Iw-gf$,$GoF;)F,)vﬂ8M }!
,)FpuO.0<",)FGoF/g;)v ,
•   ZOgﬂ bgcmﬃﬂW !°\G4.2&)ND0,)-$'10F, ,$/0*F%-x$,$GoF;)F,)v <?v/2Fp&pFpv)v$,=
;)- v=Fp&<{x`f;=N2Fw-g!¬N$0;)F,6Am!87m!87o1m<?v&.2v)v)Fpv5w-gv=Fp&<{J&$;=<?-'/n<"/nGo-',)F
10F;$<"E !
• ^c0c2ZOZgV !¬Hw.2FI;)-<";)v%/$;=.0,)F 0G4.0E";=<"GoFp1m<i$ v=mv=;)FGov~/2FpFp1;)-DF
$D0E?F5;)-- F, "9	 ﬂ    $D-'.0;%;=N2F4w-g <"; - F,)v!Cª}x$ &pF,=;$<"/@G<"/0<"G.0G
E?F>FE+-x¨w-g5&$/0/2-';^DF *ﬁ.$,$/g;)FpFp1'ﬁ;=N2F/<";ﬀ¯%<"E"EOv)<"G0E"w/2-';^DF¬$'&p&pF0;$D0E?F
x`-', ;=N2FINO.0G$/y.2v)F, -x;=N2F6v=mv=;)FG@!
•   Z ¨2ﬃﬂcmﬃﬂ¨ !° G4.0E";=<"GoFp1m<i$yv=mv=;)FG G4.2v=;5<"/2&p-',=-',$;)FGoFp&)N$/mz
<?v=Gov6x£-',6/2F*-';=<i$;=<"/0*w-g¯%<";=N;=N2F $00E"<?&$;=<?-'/ CDF;}¯FpF/Ei$F,)v <"/a;=N2F
v=+v);)FG&0¯%<";=Nn-';=N2F,wF/21+z}v=+v);)FGov $/21@¯%<";=Nn;=N2F5/2F;}¯-',=(!t¬N$0;)F,IAm!87m!8A
1m<?v)&.2v)v)FpvRw-g/2F*-';=<i$;=<?-'/y<"/@Go-',)F610F;$<"E !
• d[ ¨bﬂi¨ﬂ` ! w-gG.2v=; DF%Go-'/0<";)-',)Fp1 Dg;=N2FRv=+v);)FG&<"/-',)10F,;)-
DFIG$<"/O;$<"/2Fp1:$/21@F/mx£-',)&pFp1!
•    ﬀ³ZO_ZOac2^ bc ﬀcmﬃﬂ ! ° G.0E";=<"GoFp1m<i$av=mv=;)FG®G4.2v);
DF$D0E?F ;)- ,)Fpv)-'/21n;)- &N$/0*Fpv5<"/:;=N2F v)+v=;)FG $/21«-',5;=N2Fw-gy,)FpuO.0<",)FKz
GoF/g;)v! ¬N$0;)F,fAm!87m! M 1m<?v)&.2v)v)Fpv w-g F/mx`-',)&pFGoF/O;$/21\$'12$0;$;=<?-'/ <"/
Go-',)F610F;$<"E !
|~N2FG$<"/Go-';=<">'$;=<?-'/:DFN0<"/21y;=N2F &.0,=,)F/g;510F>FE?-'0GoF/g;-x HI$f~$'B^-f<?vw;)-
0,)-ﬃ>O<?10F:DF;=;)F,w-g<"/\;=N2F:&p-'GG4.0/0<?&$;=<?-'/ v).0D2v=+v);)FG@!±RF/2&pF  .0E";=<"G$;)FE"
w-gy<?v5$;R;=N2F N2F$,=;5-x ;=N2F Go-';=<">ﬁ$;=<?-'/:DFN0<"/21:;=N0<?vw;=N2Fpv=<?v $'vw¯¬FE"E !6w-¯F>F, 
<";R<?vt/2-';R;=N2F6<"/g;)F/O;=<?-'/d;)-o*-<"/g;)- *ﬁ,)F$;R10F;$<"E-'/:$E"EC$'v=Fp&;)vR-x Go-O10F,=/dw-g!
|~NO.2v 2-'/0E"v)-'GoF5-x;=N2F5Go-',)F5,)FE?F>ﬁ$/g; (FFE?FGoF/g;)vw$,)F5D0,=<?F 2F "+0Ei$<"/2Fp1!
   '   ﬀ!"2#%$6ﬂ &
|~N2Fv)FG$/O;=<?&pv4-x w-gnN$'v5&p-'GoF;)-GoF$/d;=N2F10F*ﬁ,)FpFo-x&p-'GG<";=GoF/O;4<"/;=N2F
w-gy- F,)Fp1yDg;=N2Fv)F,=>O<?&pF40,)->+<?10F,!t|b$D0E?F Am!87v=N2-¯ vR;=N2F6x£-'.0,tE?F>FE?vw-x¬w-g
 0     	     !
  ﬃr
 ZO_ac2ﬃﬂV UZgV'ﬂ ﬀﬃﬂ
 I.$,$/g;)FpFp1dw-g |~N2F6v)F,=>+<?&pFI0,)->+<?10F, *ﬁ.$,$/g;)FpFpv5w-gf;=N0,)-'.0*ﬁN
v=;=,=<?&;%,)Fpv)-'.0,)&pF4$E"E?-+&$;=<?-'/Y!
#~Fpv=; z}F -',=;ww-g °tE"E$,=;=<?FpvR10-;=N2F5DFpv);%;=N2Ff&$/@;)-GoFpF;t;=N2Fw-g
,)Fpug.0<",)FGoF/O;)v 2D0.0;%;=N2F,)F4$,)F6/2-*ﬁ.$,$/g;)FpFpv!
-'G0.0E?v-',=nw-g ª xC$;R$/gf;=<"GoF5;=N2F6v)F,=>+<?&pFI0,)->+<?10F,t<?v .0/$D0E?F5;)-
GoFpF; ;=N2F4w-gf,)FpuO.0<",)FGoF/g;)v ;=N2F6&p-'/0/2Fp&;=<?-'/y<?vt$D-',=;)Fp1!
|~N0,)Fpv)N2-'E?1:w-g ª xC$;R$/gf;=<"GoF5;=N2F6v)F,=>+<?&pFI0,)->+<?10F,t<?v .0/$D0E?F5;)-
GoFpF; ;=N2F4w-gf,)FpuO.0<",)FGoF/g;)v ;=N2F6v)F,=>+<?&pFI.2v)F, <?v%¯~$,=/2Fp1!
|^$D0E?F Am!87 ,¬w-g+FG$/g;=<?&pv  MgP#}!
§4cmZ ¨ﬃ
 
ﬁYc2_b]Zn©Rc0c2_aZgZgV
BbF, x£-',=G$/2&pFKz}-',=<?F/g;)Fp1 ¢C/21+z ;)-z}F/21y10FEi$@$/21D0<"; ,$;)F
%-',=G$; z}-',=<?F/g;)Fp1 *R<?10Fp-o,)Fpv)-'E".0;=<?-'/ mx`,$GoF5,$;)F 2v=;)-',$*FIx£-',=G$; 
$/21@&p-'G0,)Fpv)v=<?-'/nv)&)N2FGoF
O+/2&)N0,)-'/0<"¡ﬃ$;=<?-'/mz}-',=<?F/O;)Fp1 O(F¯±DF;}¯¬FpF/n;=N2F5DF*ﬁ<"/0/0<"/0*-xC$.21m<?- $/21
>O<?10Fp-vFpug.2F/2&pFpv
-ﬁv); z}-',=<?F/g;)Fp1 -'/0/2Fp&;=<?-'/:$/21@12$;$;=,$/2v=G<?v)v=<?-'/y&N$,=*FpvR$/21
&p-'g+,=<"*ﬁNg;tx`FpFpv
wv)F, z}-',=<?F/O;)Fp1 O.0D Fp&;=<">F6<"G$*F$/21v)-'.0/21@uO.$E"<";}
|b$D0E?F4Am!8A , |~N2FIJ2>F4&$;)F*-',=<?Fpvt-x w-gf$,$GoF;)F,)v 8r}!
v)FG$/g;=<?&pv!w#~Fpv=; z}F -',=;5w-g@<?vt;=N2F¯¬F$(Fpv);Rx£-',=G -xw-gﬃ$/21n*F/2F,$E"E"y¯%N$;
<?v¬- F,)Fp1oDOoGo-ﬁv=;¬&p-'GG.0/0<?&$;=<?-'/@v=.0D2v=mv=;)FGov¬;)-O12$!  w.$,$/g;)FpFp1@w-go<?v ;=N2F
v=;=,)-'/0*Fpv=;wx`-',=G-x%w-g!|~N2Fv)FG$/g;=<?&pv4$,)F.2vFKx.0E<"/dF "+0Ei$<"/0<"/0*>ﬁ$,=<?-'.2vw-g
$00,)-$'&)N2Fpv! R-ﬃ¯¬F>F, b&.0,=,)F/g;10F>FE?-'0GoF/O; v).0*ﬁ*Fpv=;)v5;=N$;6Go-ﬁv=;5G.0E";=<"GoFp1m<i$
$00E"<?&$;=<?-'/2v ¯%<"E"EY,)FpuO.0<",)F5*ﬁ.$,$/g;)FpFp1dw-g!
     '      ﬂ

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w-gd<?v.2v=.$E"E"F "m0,)Fpv)v)Fp1 $'v$yv)F;-x $,$GoF;)F,$/21>ﬁ$E".2F$<",)v C-', ;=.00E?Fpv!
 IF/2F,$E"E"';=N2F,)F%$,)F ;³¯¬-5$00,)-$'&)N2Fpv;)-wug.$/O;=<{x+<"/0*4w-g5$,$GoF;)F,)v  MgP!}!^|~N2F
v)F,=>O<?&pF.2v)F,v)Fp&<{JFpv F<";=N2F,$@;$,=*F;>ﬁ$E".2F C-', $@;$,=*F;,$/0*Fx£-',F$'&)N\w-g
$,$GoF;)F,!6°tE"E w-gy,)FpuO.0<",)FGoF/g;)v D-';=N;=N2-ﬁv)FG$'10FDgy;=N2F.2v)F, Y$/21:;=N2-ﬁv)F
<"/g;)F,=/$Eb;)-;=N2F4v=mv=;)FG G.2v=;tDF6uO.$/g;=<{JFp1$/21yF "m0,)Fpv)v)Fp1E"<"(F4;=N0<?v!	* -'*FE^F;!
$E 8rv=.0*ﬁ*Fpv=;)v;=N$;tw-g$,$GoF;)F,)v &$/DFwv)F$,$;)Fp1<"/O;)-;=N2FRJ2>FI1m<F,)F/g;
&$;)F*-',=<?Fpvtv=N2-ﬃ¯%/@<"/y|^$D0E?FAm!8A 0D$'v)Fp1@-'/@&pF,=;$<"/:&)N$,$'&;)F,=<?v=;=<?&pv!
           0  	      

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|~N2F*-$E2-xw-g4/2F*-';=<i$;=<?-'/o<?v^x£-',b;=N2F~v)F,=>+<?&pF.2v)F,C$/21;=N2FvF,=>O<?&pF0,)->+<?10F,C;)-
$*ﬁ,)FpF -'/ w-gE?F>FE !b|~N0,)FpF D$'v=<?&%/2F*-';=<i$;=<?-'/v)&N2FGoFpv¬$/21o-'/2F~,)Fp&p-'/mJ2*ﬁ.0,$;=<?-'/
v)&N2FGoF:N$p>FnDFpF/ <?10F/g;=<{JFp1 x£-', H5$ ~$'B^-  MgP 8Ar ~;=N2F$,)Fn<"E"E".2v=;=,$;)Fp1 <"/
%b<"*ﬁ.0,)F4Am!87 $/21@D0,=<?F 2fF "m0Ei$<"/2Fp1@DFE?-¯6!
• @bﬂ`]cmZgc2]f^Z ¨2ﬃﬂcmﬃﬂ¨ !|~N2F:&$E"E"<"/0* v)F,=>+<?&pFn.2v)F, 0,)-'-ﬁv)Fpv$ w-g
v=Fp&<{J&$;=<?-'/ ;=N$; &$/0/2-';fDF@&)N$/0*Fp1 Dg ;=N2Fnv)F,=>+<?&pF@0,)->+<?10F,-',o;=N2F
&$E"E?Fp1:vF,=>O<?&pF4.2v)F,!R|~N2F,)F<?vR/2-,)F$Eb/2F*-';=<i$;=<?-'/ ;=N2F4,)FpuO.2Fpv=;I&$/:-'/0E"
DF6$'&p&pF0;)Fp1n-', ,)F  Fp&;)Fp1!
•   ﬂ`]cmZgc2]~ﬀZ 2ﬃﬂcmﬃﬂ¨ ! |~N2FI/2F*-';=<i$;=<?-'/n;$(Fpv%0Ei$'&pFIDF;³¯¬FpF/n;=N2F5v)F, z
>O<?&pF:.2v)F,)v!²|~N2F:vF,=>O<?&pF:0,)->+<?10F,<?v/2-';@$E"E?-¯Fp1 ;)- &)N$/0*F;=N2Faw-g
v=Fp&<{J&$;=<?-'/Y!R-ﬃ¯¬F>F, bv)F,=>O<?&pFo0,)->+<?10F,$'v5¯¬FE"E$'v6&$E"E?Fp1av)F,=>+<?&pF.2v)F,
G$p,)F  Fp&;t;=N2F5,)Fpug.2Fpv);!
• §4_:Xbﬂ`^Zg ^Z ¨2ﬃﬂcmﬃﬂ¨ !6|~N0<?vw<"/g>-'E">Fpv5;=N2F&$E"E"<"/0*.2v)F, v)F,=>+<?&pF0,)-z
>O<?10F, C$/21&$E"E?Fp1v)F,=>+<?&pFo.2v)F,!|~N2F &$E"E"<"/0*nv)F,=>+<?&pFo.2v)F,$'v)v)Fpv $yw-g
v=Fp&<{J&$;=<?-'/n;)-;=N2F6v)F,=>+<?&pFI0,)->+<?10F, 2¯%N0<?&NyG$p10-ﬃ¯%/0*ﬁ,$'10F6;=N2F5>ﬁ$E".2Fpv
-x ;=N2Ffw-g$,$GoF;)F,)vﬃ!@|~N2Fo,)Fpv=.0E";=<"/0*aw-gdv)Fp&<{J&$;=<?-'/ <?v6$'v)vFp1a;)-
;=N2F&$E"E?Fp1:v)F,=>+<?&pF4.2v)F, ¨¯%N0<?&)N<"/n;=.0,=/nG$n$E?v)-o¯F$(F/;=N2Fw-g@$,$z
GoF;)F,)v!4|~N0<?vwJ2/$E w-gnv=Fp&<{J&$;=<?-'/d<?vI,)F;=.0,=/2Fp1;)- ;=N2F&$E"E"<"/0*@v)F,=>+<?&pF
.2v)F,!|~N2Fv)F,=>+<?&pFf0,)->+<?10F,$'v¯¬FE"E $'v;=N2F&$E"E?Fp1 .2v)F,G$p,)F =Fp&;;=N2F
,)Fpug.2Fpv=;!
• efZgg¨  ﬀcmﬃﬂ¨ !ﬀstFp&p-'/mJ2*ﬁ.0,$;=<?-'/<?vY;=,=<"*ﬁ*F,)Fp14¯%N2F/ $~Go-'/0<";)-',)Fp1&p-'/mz
/2Fp&;=<?-'/<?v~$ Fp&;)Fp1Dg$4&N$/0*FI<"/;=N2FI$>'$<"Ei$D0E?FI,)Fpv-'.0,)&pFpv! |~N2FI&p-'/0/2Fp&Kz
;=<?-'/G<"*ﬁNg;¬N$p>F%;)-6DF%10F*ﬁ,$'10Fp1f-',C;)F,=G<"/$;)Fp1 1m.2F ;)-5/2F*g$;=<">F &)N$/0*Fpv
-', <";t&p-'.0E?1@DFI.00*ﬁ,$'10Fp1@<{xGo-',)F6,)Fpv-'.0,)&pFpv DFp&p-'GoF4$p>ﬁ$<"Ei$D0E?Fﬁ!¬sRFp&p-'/mJ2*'z
.0,$;=<?-'/y&$/DFw;=,=<"*ﬁ*F,)Fp1<"/@F<";=N2F, v=mv=;)FG@!|~N2FI<"/0<";=<i$;=<"/0*ov=mv=;)FG v)F/210v
$ ,)Fp&p-'/mJ2*ﬁ.0,$;=<?-'/,)FpuO.2Fpv=; x`-'E"E?-ﬃ¯¬Fp1DO4v=.0*ﬁ*Fpv=;=<?-'/2vﬀx`-',b/2F¯ 0,)-';)-O&p-'Em&p-'/mz
J2*ﬁ.0,$;=<?-'/2v 2;)-¯%N0<?&N@;=N2F5FpF, v=mv=;)FG ,)Fpv=-'/210v%;)-0!
ª³/ H5$:~$'B^- ¬w-g/2F*-';=<i$;=<?-'/ <?v;=N2F 10-'G$<"/ -xt;=N2Ff&p-'/mJ2*ﬁ.0,$;=<?-'/ G$/$*F,
 +Fp&;=<?-'/ m!" K!
   '  ﬀ2 . ﬂ 2 $ ﬂ3' # 2#ﬃ1 # ) '*  ﬀ!"ﬀ#%$
ª³/a;=,$'1m<";=<?-'/$E w-gﬃY;=N2F$00,)-$'&N¯~$'v4;)-@v)Fp&<{x`dw-gd,)Fpug.0<",)FGoF/O;)v ¯%N2F/ $
&p-'/0/2Fp&;=<?-'/<?v J2,)v);vF; .0  ;=N2F/\$;=;)FG0;;)-0,)->+<?10F;=N$;E?F>FE -x5w-g<"/\$
DFpv=; z}F -',=;G$/0/2F,! |~N2F,)FR¯F,)FI/2- *ﬁ.$,$/g;)FpFpv $/21f/2-x`.0,=;=N2F,Go-'/0<";)-',=<"/0*o-x
w-g!
ª³/@Go-+10F,=/w-gﬃ,)F$E"<"¡ﬃ$;=<?-'/$/21nF/mx`-',)&pFGoF/O;wN$>F6DFp&p-'GoF6<"G-',=;$/g;w<?v z
v=.2Fpvﬃ!9:-'/0<";)-',=<"/0*d<?v,)FpuO.0<",)Fp1 ¯%N2F/- F,=<"/0*av=;=,)-'/0*F,;=N$/ DFpv=; z}F -',=; w-g!
 0 0   
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E_PDU: Connection establishment, including protocol description
C_PDU: Connection request, including application requirements
S_PDU: Protocol suggestions
R_PDU: Reconfiguratiion request
C_PDU
S_PDU
E_PDU
C_PDU
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%^<"*ﬁ.0,)FAm!87 , t/0<"Ei$;)F,$E~/2F*-';=<i$;=<?-'/ £$D0<"Ei$;)F,$E%/2F*-';=<i$;=<?-'/ D &p-'GD0<"/2Fp1
/2F*-';=<i$;=<?-'/ `&$/21,)Fp&p-'/mJ2*ﬁ.0,$;=<?-'/`1K!
stFpv)-'.0,)&pF ,)Fpv)F,=>ﬁ$;=<?-'/d<?vw,)Fpug.0<",)Fp1<"/a-',)10F,I;)-- F,w*ﬁ.$,$/O;)FpFp1w-g!°%12$0;$z
;=<?-'/F/$D0E?Fpv ;=N2F%v=mv=;)FG ;)-4$E"E?-ﬃ¯,)FKz /2F*-';=<i$;=<?-'/-xYw-g!H5$4~$'Bb-5<"G0E?FGoF/O;)v
F "+<"D0E?FI0,)-';)-+&p-'E?v ;=N$; &$/@DF51m+/$G<?&$E"E"f,)Fp&p-'/mJ2*ﬁ.0,)Fp1y<"/@-',)10F, ;)-o$'12$0; ;)-
,)Fpug.0<",)Fp1@-',~x£-',)&pFp1@&N$/0*Fpv <"/:w-g!
Q5v=.00-',=;5x£-', w-g:N$'v$E?v-DFp&p-'GoF $fx`-+&.2vIx£-',6,)Fpv)F$,)&NY!  w.$,$/O;)FpFp1
w-gw,)Fpug.0<",)FpvY,)Fpv)F,=>'$;=<?-'/-x+,)Fpv)-'.0,)&pFpvﬀG$/$*Fp16DOR;=N2F -'F,$;=<"/0*tv=mv=;)FG@!^°t/21'
F>F/ ¯F$(F, w-gv)FG$/O;=<?&pv~$,)FI$4E?-';v=<"G0E?F,;)-6<"G0E?FGoF/O;%¯%<";=N DF;=;)F,~-'F, z
$;=<"/0*@v=+v);)FGv=.00-',=;!-'GGo-O1m<";³dQ5  Fpv4$,)FDFpv=; z}F -',=;5v=+v);)FGov $/21N$p>F
/2-';%DFpF/y10Fpv)<"*ﬁ/2Fp1;)-- F,t;=N0<?v%(O<"/21y-x10F;$<"E?Fp1,)Fpv-'.0,)&pF5G$/$*FGoF/g;!
s|%´<"/g.#"  ¬N$0;)F,wr ¬- F,t$10F;$<"E?Fp1@E?F>FEY-x^,)Fpv)-'.0,)&pF5G$/$*FGoF/O;t;=N$;
&$/DFI.2v)Fp1@DgHI$ ~$'B^-;)-Go-'/0<";)-', 2,)F$E"<"¡F4$/21@F/mx£-',)&pFw-g!
       " ﬃ!   #%ﬁ  #"  # #%$   

QR/2F6-xb;=N2F6G$<"/y;$'v=(mv -x $/:Q5f<?v ;=N2F6G$/$*FGoF/g;5$/21@1m<?v=;=,=<"D0.0;=<?-'/n-x¬Q5gz
G$/$*Fp1@,)Fpv)-'.0,)&pFpvRDF;³¯¬FpF/$00E"<?&$;=<?-'/2v!%|~N2F5;=,$'1m<";=<?-'/$EC$00,)-$'&)N:<?v ;)-E?F;
;=N2FQ5n,)Fpv)-'/21;)-f,)FpuO.2Fpv=;)vIDgd$E"E?-O&$;=<"/0*,)Fpv-'.0,)&pFpv4$'v 	  ﬀ 
 y$/21    ﬀﬁ ﬂ   
$'vt-ﬁv)v=<"D0E?F DFpv=; z}F -',=; +Fp&;=<?-'/d7m!87K!R°Rvw1m<?v)&.2v)vFp1@<"/a¬N$0;)F,I7 ¨;=N0<?vw<?vt/2-';
v=. &<?F/g;x`-',1m<?v=;=,=<"D0.0;)Fp1 G4.0E";=<"GoFp1m<i$m!y|~N2FpvF $00E"<?&$;=<?-'/2v$,)FoGo-',)F ,=<"*ﬁ<?1a<"/
;=N2F<",t10FG$/210v%x£-',%,)Fpv)-'.0,)&pF4$E"E?-+&$;=<?-'/@<"/y-',)10F, ;)- x`.0/2&;=<?-'/y&p-',=,)Fp&;=E"!
|~N2F,)Fpv)-'.0,)&pF,)Fpug.0<",)FGoF/O;)v $,)F v=Fp&<{JFp1a¯%<";=N w-g$,$GoF;)F,)v!f| +0<?&$E
$00E"<?&$;=<?-'/mz E?F>FEbw-g v=Fp&<{J&$;=<?-'/2v~<"/2&E".210FI$,$GoF;)F,%;³OFpv~E"<"(FRx,$GoFw,$;)F 
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%b<"*ﬁ.0,)F5M2!" -,C|~N2F Q5+ª¬,)FKx£F,)F/2&pF5Go-+10FE !
;=N2F0,)-';)-+&p-'E?v.2v)Fp1 <"/ &p-'GG.0/0<?&$;=<?-'/ v=.0D2v=mv=;)FGov!^|~N2F<?10F$t¯~$'v;=N$; $00E"<?&$z
;=<?-'/2vv=N2-'.0E?14DF$D0E?F ;)-w&p-'GG4.0/0<?&$;)F~¯%<";=N -';=N2F,$00E"<?&$;=<?-'/2v $'&,)-ﬁv)v^/2F;}¯-',=(+v
,)F*g$,)1mE?Fpv)v -x-'F,$;=<"/0*6v=+v);)FG&ﬁ&p-'G0.0;)F, $,)&)N0<";)Fp&;=.0,)F m$/21/2F;}¯¬-',=(o$,)&N0<";)Fp&Kz
;=.0,)Fﬁ!~|~N2F5Ei$F,)Fp1yGo-+10FE^-x;=N2F Q5+ª}z}st9 N$'v DFp&p-'GoF5;=N2Fv=;$/212$,)1@,)FKx£F,)F/2&pF
Go-+10FEYx£-',R$/g@&p-'GG.0/0<?&$;=<?-'/av=.0D2v=mv=;)FG 8M!}! %b<"*ﬁ.0,)F4M2!" 4v=N2-¯ vR;=N2F6Ei$F,)Fp1
E?-'*ﬁ<?&5-xb;=N2F5Q5+ª}z}st9 !m¢ $'&)NEi$F,%F, x£-',=Gov $¯¬FE"EY10FKJ2/2Fp1fx`.0/2&;=<?-'/ $/21f;=N2F,)F
<?vt$&E?F$, E?-'*ﬁ<?&$Eﬀv)F$,$;=<?-'/@DF;}¯FpF/nF$'&NyEi$pF,!
• ©'YVﬃﬂc2]o]cZg !|~N2F@0NO+v=<?&$EtEi$pF,<?v&p-'/2&pF,=/2Fp1¯%<";=N;=,$/2v=G<";=;=<"/0*
,$p¯ D0<";)vt->F,w$o&p-'GG4.0/0<?&$;=<?-'/&)N$/0/2FE !|~N0<?v $,=;t-x;=N2F6v=Fp&<{J&$;=<?-'/
Ei$,=*FE"410F$E?vb¯%<";=NGoFp&N$/0<?&$EFE?Fp&;=,=<?&$E$/2140,)-+&pFp1m.0,$E+<"/g;)F, x $'&pFpv $/21
;=N2Ft0NO+v=<?&$E;=,$/2v=G<?vv=<?-'/ GoFp1m<".0G&+¯%N0<?&NfE"<?FpvDFE?-¯ ;=N2Ft0NO+v)<?&$E¨Ei$F,!
• Ucmc ]`ﬂ`   ]Wcg¨ZO !@|~N2FG$<"/;$'v)(-x ;=N2F 12$;$@E"<"/0(Ei$F, <?v4;)-@;$(F$
,$p¯ ;=,$/2v=G<?v)v)<?-'/ x $'&<"E"<";}$/21f;=,$/2v x`-',=G <";<"/g;)-o$E"<"/2Fw;=N$; $0F$,)vx`,)FpF
-xb.0/210F;)Fp&;)Fp1y;=,$/2v=G<?v)v=<?-'/yF,=,)-',)vt;)-;=N2F5/2F;}¯-',=(Ei$pF,!
•  Z   ]cZg !~|~N2F6/2F;}¯-',=(yEi$F,t<?vt&p-'/2&pF,=/2Fp1:¯%<";=N:&p-'/g;=,)-'E"E"<"/0*f;=N2F
-'F,$;=<?-'/f-x;=N2Ftv=.0Dmz /2F;!|~N2F G$<"/o;$'v=(mv -x;=N0<?v Ei$F,$,)F%(FFE?FGoF/g;)v
                   !!  
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-x <"/O;)F, z /2F;}¯¬-',=(+<"/0* ^$/21:<"/2&E".210F ,)-'.0;=<"/0* &p-'/0*Fpv=;=<?-'/d&p-'/g;=,)-'EY$'&p&p-'.0/O; z
<"/0* $/21@$'101m,)Fpv)vtG$00<"/0*2!
• j c2^V  ]cZg ! |~N2FD$'v=<?&:x`.0/2&;=<?-'/ -x ;=N2F;=,$/2v)-',=;Ei$F,y<?v;)-
$'&p&pF0;~12$;$Ix`,)-'G²;=N2FtvFpv)v=<?-'/Ei$F, mv=0E"<"; <";¬.0<"/g;)- v=G$E"E?F,¬.0/0<";)v <{xY/2FpFp1
DF $/21$'v)v%;=N2FpvF6;)-;=N2F5/2F;³¯¬-',=(Ei$F,!|~N2F6;=,$/2v=-',=;tEi$pF,t<?vt<?vt$E?v)-
;=N2FREi$pF,~,)Fpv=-'/2v=<"D0E?FRx`-',;=N2FRFpv);$D0E"<?v=N0GoF/g;t$/21f10FE?F;=<?-'/-x^&p-'/0/2Fp&;=<?-'/2v
$'&,)-ﬁv)v5;=N2F/2F;³¯¬-',=(!°~;6&p-'/0/2Fp&;=<?-'/;=<"GoF<";5G4.2v=; $E?v)-10F;)F,=G<"/2Fo¯%N$;
;}+F4-x v)F,=>+<?&pF £$/21y;=N2Fw-g %<";t<?vI$D0E?F6;)- 0,)->+<?10F4;)-;=N2F6Ei$pF,5$D->Fﬁ!
|~N2F%;=,$/2v=-',=; Ei$F, G<"*ﬁNg;$E?v)-5G4.0E";=<"0E?F "vF>F,$E2;=,$/2v=-',=; &p-'/0/2Fp&;=<?-'/2v
-'/g;)-o;=N2F6v$GoF5/2F;³¯¬-',=(@&p-'/0/2Fp&;=<?-'/Y!
• ZOVVﬃﬂ¨ ]cg¨Zg !¤|~N2F@v)Fpv)v)<?-'/Ei$pF,&$/DF.2v)Fp1;)-Fpv=;$D0E"<?v=NvFpv)v=<?-'/2v
DF;}¯¬FpF/;³¯¬- G$'&)N0<"/2Fpvﬃ! |~N2FwG$<"/fv)F,=>+<?&pFpv~- F,)Fp1 <"/$4v)Fpvv=<?-'/ <?v1m<i$E?-'*
&p-'/g;=,)-'E$/21@v=+/2&)N0,)-'/0<"¡ﬃ$;=<?-'/:-x&p-'/0/2Fp&;=<?-'/2v!
• ©6ZgVZ+cmﬃﬂWd]c¨ZO ! R/0E"<"(F ;=N2FE?-ﬃ¯¬F,CEi$pF,)vﬁ¯%N0<?&)No$,)F­.2v);^<"/O;)F,)Fpv=;)Fp1
<"/\Go-ﬃ>O<"/0*D0<";)v ~;=N2F@0,)FpvF/g;$;=<?-'/ Ei$pF,f<?v&p-'/2&pF,=/2Fp1¯%<";=N\;=N2Fyv)O/O;$ "
$/21@v)FG$/O;=<?&pvt-xC;=N2F5<"/mx£-',=G$;=<?-'/y;=,$/2v=G<";=;)Fp1!¬° ;³O0<?&$EbF "0$G0E?F4-xC$
v)F,=>+<?&pFo<"/ ;=N0<?v4Ei$F,<?vF/2&p-+1m<"/0*O«10Fp&p-O1m<"/0*d-xt12$;$y<"/ $/ $*ﬁ,)FpFp1.0-'/
x£-',=G$;!
•   ]ﬂcmﬃﬂ ]cg¨Zg !|~N2Fw$00E"<?&$;=<?-'/Ei$F,&p-'/O;$<"/2v~$6>'$,=<?F;³-x0,)-';)-z
&p-'E?v¬¯%N0<?&)Nf0,)->+<?10FRv)F,=>+<?&pFpv¬;=N$;$,)Fw&p-'GGo-'/0E"o/2FpFp10Fp1DO$00E"<?&$;=<?-'/2v!
|~N2F4$00E"<?&$;=<?-'/2vt.2v)F5;=N2FI/2F;}¯-',=(;=N0,)-'.0*ﬁNy;=N2Fpv)FI0,)-';)-+&p-'E?v!
R-';$E"E¬Ei$F,)Fp10,)-';)-+&p-'E~10Fpv=<"*ﬁ/2v4.2vF $E"E;=N2FEi$F,)v0,)FpvF/g; <"/;=N2FQ5+ª z}sR9!
ª}/;=N2Fpv)F10Fpv=<"*ﬁ/2vYv)-'GoF-x~;=N2FEi$pF,)v4$,)Fo&p-'GD0<"/2Fp1$/21«-',6E?FKx`;6-'.0;!°²*-+-O1
F "0$G0E?F~-x;=N0<?v<?vb;=N2F~|tB¬«ª­B0,)-';)-O&p-'E2v=.0<";)F '¯%N0<?&N<?vbD0,=<?F 240,)Fpv)F/O;)Fp1/2F "+;!
       
|~N0<?vRD0,=<?FKx 0,)FpvF/g;$;=<?-'/a-x¬|tB¬«ª­B¤<?vR<"/2&E".210Fp1nDFp&$.2v)F;=N0<?vIv)F;R-x 0,)-';)-+&p-'E?v
<?v¬¯%N$;%;=N2FIª³/g;)F,=/2F; .2vFpv!|~N$;%GoF$/2v~;=N$;%<";<?v~;=N2FwGo-ﬁv=;~¯%<?10FE"f.2v)Fp1v)F;%-x
0,)-';)-O&p-'E?vwF;!5°%&p&p-',)1m<"/0*;)-|^$/2F/OD$.0G 8M  ;=N2F|tB«ª³B Go-+10FE¯¬F,)FJ2,)v=;
10FKJ2/2Fp1<"/ rM2! |~N0<?v%¯~$'v DFKx`-',)FI;=N2F Q5+ª z}sR9¯$'vt0.0D0E"<?v=N2Fp1!
%b<"*ﬁ.0,)FM2!87nv=N2-¯ v N2-ﬃ¯ ;=N2Ff|tB¬«ª­B,)FKx`F,)F/2&pF Go-O10FE~&p-',=,)Fpv=-'/210v ;)-y;=N2F
Q5+ª z}sR9!m|~N2F,)F$,)FI/2-o0,)Fpv)F/g;$;=<?-'/:-', v)Fpv)v=<?-'/Ei$F,)v <"/@;=N2F5|tB¬«ª­BGo-O10FE !
|~N2Fx.0/2&;=<?-'/$E"<";³-xw;=N2Fy12$;$E"<"/0( Ei$pF, $/21 ;=N2F@0Ngmv=<?&$EtEi$F,oN$p>FyDFpF/
&p-'G4D0<"/2Fp1<"/g;)-5-'/2FN2-ﬁv=; z ;)-z /2F;³¯¬-',=(Ei$F,!b|~N2FN2-ﬁv=; z ;)-z /2F;³¯¬-',=(Ei$F,C0,)-';)-O&p-'E
<?v^-x`;)F/ &p-'G0E?F;)FE"-',bGo-ﬁv=;=E"6<"G0E?FGoF/g;)Fp1<"/N$,)1m¯~$,)Fﬁ!C|~N2F ,)FG$<"/0<"/0*5;=N0,)FpF
Ei$pF,)vR$,)F5uO.0<";)F6v=<"G<"Ei$,t;)-;=N2F<",t&p-'.0/g;)F,=$,=;)vw<"/;=N2FQ5+ª}z}st9 !
• pZg'ﬀZg]Wcg¨ZO !|tB¬«ª³B <?v$n$'&(F; z}v=¯%<";)&)N0<"/0*/2F;}¯¬-',=( D$'v)Fp1 -'/$
&p-'/0/2Fp&;=<?-'/mz E?Fpv)vb<"/g;)F, z /2F;³¯¬-',=(Ei$pF,!|~N0<?vYEi$F, &$E"E?Fp14;=N2F ª³/g;)F,=/2F;^Ei$pF,
<?vR;=N2F6E"<"/2&)N00<"/;=N$;RN2-'E?10vt;=N2F¯%N2-'E?F $,)&N0<";)Fp&;=.0,)F ;)-'*F;=N2F,!tª³; v ;$'v=(<?v
7ﬁ       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%^<"*ﬁ.0,)F6M2!87 ,C|~N2F6|tB¬«ª­B\Go-+10FEY&p-'G$,)Fp1@;)-;=N2F4Q5+ª,)FKx£F,)F/2&pF5Go-+10FE !
;)-*ﬁ.0<?10FoF>F,=<"/21m<">O<?1m.$E¬$'&)(F;6;=N0,)-'.0*ﬁN;=N2F/2F;}¯-',=(x,)-'GLv)-'.0,)&pF;)-
10Fpv=;=<"/$;=<?-'/Y!n|~N2Ffª³/g;)F,=/2F; Ei$pF,10FKJ2/2Fpv$/ - &<i$E$'&)(F; x`-',=G$;$/21
0,)-';)-O&p-'Eb&$E"E?Fp1;=N2F5ª}/O;)F,=/2F;RBC,)-';)-+&p-'E `ª­B K!
• j¬c2ﬀV   ]cZg ! |~N2F@Ei$F,$D->Fn;=N2Fyª³/g;)F,=/2F;fEi$pF, <?v &$E"E?Fp1\;=N2F
;=,$/2v=-',=; Ei$pF, ;=N2F@v$GoFn$'vo<";)v Q5+ª}z}st9 &p-'.0/g;)F,=$,=;!¤ª³;)v;$'v=(mv$,)F
$E?v)-;=N2Fv$GoF &~Fpv=;$D0E"<?v=NF/21+z ;)-z}F/21&p-'/0/2Fp&;=<?-'/2vF;)&ﬁ! |Y¯-d0,)-';)-+&p-'E?v
N$p>FDFpF/ 10FKJ2/2Fp16x£-',ﬀ;=N0<?v^Ei$pF,!|ﬀ,$/2v=-',=; -'/g;=,)-'E0BC,)-';)-+&p-'E'`|tB <?v$
,)FE"<i$D0E?F%&p-'/0/2Fp&;=<?-'/o-',=<?F/g;)Fp10,)-';)-+&p-'E !wv)F,H5$;$z *ﬁ,$G BC,)-';)-O&p-'E  wHIB 
<?vt$/@.0/0,)FE"<i$D0E?F &p-'/0/2Fp&;=<?-'/mz E?Fpvvt0,)-';)-+&p-'E !
•   b]`ﬂcmﬃﬂ¨]Wcg¨ZO !|~N2Ft$00E"<?&$;=<?-'/ Ei$pF, &p-'/O;$<"/2v$E"E0;=N2F%N0<"*ﬁN2F, E?F>FE
0,)-';)-O&p-'E?v;=N$;o$00E"<?&$;=<?-'/2v<"/O;)F, x£$'&pF¯%<";=NY!a|~N0<?v <"/2&E".210Fpv$/ F>F,<"/mz
&,)F$'v=<"/0* /g.0GDF,y-x 0,)-';)-O&p-'E?v¯%<";=N±v)Fp&<i$Ewx`.0/2&;=<?-'/$E"<";}wE"<"(FO<"G0E?F
9:$<"EY|ﬀ,$/2v x`F, B ,)-';)-O&p-'E +9:|%B  x£-',~FE?Fp&;=,)-'/0<?&6G$<"E %^<"E?F5|ﬀ,$/2v x£F, BC,)-z
;)-O&p-'E  %|%B bx`-',J2E?F%;=,$/2v=x`F, R+F, z ;)F "m; |Y,$/2v x£F, BC,)-';)-+&p-'E `w|%|%B ^x£-',
a-',=E?1  <?10F aFD     0F;)&ﬁ!

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ª³;IN$'v5DFpF/a$/21dv=;=<"E"E<?v6$ x£-O&.2v5-x,)Fpv)F$,)&)Nd;)-<"/O>F/g;6/2F¯ <?10F$'v$/21d10Fpv=<"*ﬁ/2v
x£-',&p-'GG4.0/0<?&$;=<?-'/0,)-';)-+&p-'E?v!a|~N2Ff/2FpFp1x`-', /2F¯ 0,)-';)-O&p-'E?vo$,=<?vFpv<"/ 1m<F, z
F/O;4v)F;=;=<"/0*v!ª³/d;=N0<?v5;=N2Fpv=<?v ﬀ;=N2F x`-+&.2vI<?v6-'/a;=N2F,)FpuO.0<",)FGoF/g;)v -x%1m<?v=;=,=<"D0.0;)Fp1
G.0E";=<"GoFp1m<i$& ¬N$0;)F,t7K!C|Y¯-,)Fp&.0,=,=<"/0*<?10F$'v~<"/fG.2&)N@-xb;=N0<?v¬,)FpvF$,)&)N<?v;=N2F
/2-';=<?-'/ -x%Go->+<"/0*$¯$px,)-'GL;=N2FoEi$F,)Fp1Go-+10FE?v $/21;=N2F &p-'/2&pF0; -x%E"<"*ﬁNO; z
¯F<"*ﬁNg;t0,)-';)-+&p-'E?v~;)-,)FGo->F6,)Fp1m.0/212$/2&! #~-';=Ny$,)FI<?10F$'v~;=N$;t$,)FI.2v)Fp1<"/;=N2F
H5$~$'Bb-o10Fpv=<"*ﬁ/Y!
   0         7r
   + '1  .  &  ! /.ﬀ!"ﬀ#%$92 $ ﬂ3'%#
°Rvv=N2-ﬃ¯%/ $D-ﬃ>F t;=N2F:Ei$pF,)Fp1±Go-O10FE?v-xoQ5+ª z}sR9 $/21¤|tB¬«ª³B ¯¬-',=(¯¬FE"E
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DF;³¯¬FpF/\¯%N0<?&N\0,)-+&pFpv)v*F;)voF "0Fp&.0;)Fp1!
|~N2F;$'v)(y-x~$E";)F,=/$;=<"/0*DF;}¯FpF/a0,)-O&pFpvv)Fpv $/2110Fp&<?1m<"/0*¯%N2F/d$/21:x£-',wN2-¯
E?-'/0*o0,)-O&pFpvv)Fpv%v=N2-'.0E?1@F "0Fp&.0;)F5<?v &$E"E?Fp1
	 	6	  ﬀ ﬂ "ﬁ!
|~N2Fv=¯%<";)&)Nx`,)-'G-'/2F 0,)-O&pFpv)vI;)-$/2-';=N2F,5<?v5&$E"E?Fp1a$  
ﬂ     ﬀ   O!4|~N2F
;)F,=G <"/2&E".210Fpv6$E"Eb;=N$;RN$'vw;)- DF 10-'/2F;=N$;w<?vw1m<",)Fp&;=E"y,)FEi$;)Fp1:;)- ;=N2Fv)¯%<";)&)NY!
N2F/$R0,)-+&pFpv)v<?v v=¯%<";)&N2Fp1o-'.0; DFKx£-',)F~<";N$'v &p-'G0E?F;)Fp1$E"E0<";)vCF "0Fp&.0;=<?-'/ <";
<?v ug.2F.2Fp1;)-6DF~,)Fpv=.0GoFp1 $; $wEi$;)F, ;=<"GoFﬁ!%2-', ;=N0<?vC;)-IDF~-ﬁv)v=<"D0E?F ﬁ;=N2FRQ5G4.2v=;
v=;)-',)F6$E"E<"/mx`-',=G$;=<?-'/$D-'.0;%;=N2F4&.0,=,)F/g; 0,)-+&pFpv)v0v=;$;)Fﬁ! N2F/ v=¯%<";)&N0<"/0*<"/
$o,)Fpv=.0GoFp1:0,)-+&pFpv)v ;=N$;I0,)-O&pFpvv¨v);)-',)Fp1:v);$;)F4/2FpFp10vI;)- DF,)FE?-$'10Fp1!6|~N0<?vI<?v
$E"E$,=;t-xb;=N2F4&p-'/g;)F "m;tv=¯%<";)&)NY!
BC,)-+&pFpv)v)Fpv $,)F%,)FEi$;=<">FE"N2F$>O+¯¬F<"*ﬁNO;¬<"/;)F,=Gov -x;=N2Ft->F,=N2F$'1<"/2&.0,=,)Fp1 $;
&p-'/g;)F "m;wv=¯%<";)&N2Fpv 1m.2F4;)-;=N2F $Go-'.0/O;5-x 0,)-O&pFpv)vw&p-'/g;)F "m;w;=N$;RG.2v=;RDF v$p>Fp1
$/215,)Fpv=;)-',)Fp14$;ﬀ&p-'/O;)F "+;bv=¯%<";)&)N2Fpvﬃ!^BC,)-+&pFpv)v)Fpv^$,)F $E?v)-%N2F$>O+¯¬F<"*ﬁNO;^¯%<";=N6,)Fpv)Fp&;
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;)- &p-'GG4.0/0<?&$;=<?-'/ Yv=<"/2&pF40,)-O&pFpvv)FpvR&$/:v=N$,)F 12$;$o-'/0E";=N0,)-'.0*ﬁN;=N2F4F "m0E"<?&<";
.2v)F5-x<"/g;)F, z 0,)-+&pFpv)vw&p-'GG4.0/0<?&$;=<?-'/:GoFp&)N$/0<?v=Govwv=.2&Nn$'v%GoFpv)v$*FI$'vv=<"/0*2!
|~N0,)F$'10v6$'101d$ v)Fp&p-'/21nE?F>FE-x&p-'/2&.0,=,)F/2&!6°t00E"<?&$;=<?-'/2v6$,)F$E"E?-¯Fp1d;)-
Fpv=;$D0E"<?v)N &p-'/2&.0,=,)F/O;C;=N0,)F$'10vb-x&p-'/O;=,)-'Em¯%<";=N0<"/0,)-+&pFpv)v!b|~N0,)F$'10v-x&p-'/g;=,)-'E2$,)F
>ﬁ$,=<?-'.2v=E",)FKx`F,=,)Fp1;)-y$'v6;=N0,)F$'10v ;=N0,)F$'10vﬀ0;=N0,)F$'10v ^;$'v=(mv6-',´Y<"*ﬁNg;}¯F<"*ﬁNg;
BC,)-+&pFpv)v)Fpv `´ ¤B   v!I´<"(F 0,)-+&pFpv)v)Fpv F$'&)N;=N0,)F$'1:N$'vw<";)vI-¯%/0,)-'*ﬁ,$G	v=;$;)F 
D0.0; $E"E;=N0,)F$'10v%DFE?-'/0*ﬁ<"/0* ;)- ;=N2FIv$GoFw0,)-+&pFpv)v%v=N$,)Fw;=N2FIv$GoF5$'101m,)Fpv)v~v=$'&pF 
0E".2v%v)-'GoFI$'101m<";=<?-'/$Eﬀ12$;$;=N$; $,)FIv=N$,)Fp1fDF;³¯¬FpF/y$E"E;=N0,)F$'10v%-¯%/2Fp1DOo;=N2F
v$GoF0,)-+&pFpv)v!I|~N2Fpv)F 12$;$/2FpFp1:/2-';wDF v=;)-',)Fp1nx£-',wF$'&N:;=N0,)F$'1'<"/2v);)F$'1n;=N2F
$,)Ffv=;)-',)Fp1 -'/0E"a¯%<";=N ;=N2F -ﬃ¯%/0<"/0*:0,)-+&pFpv)v!n|~Ng.2v ¬$y&p-'/O;)F "+;v=¯%<";)&)N DF;}¯FpF/
;=N0,)F$'10vI-x ;=N2F4vk$GoF60,)-+&pFpv)vt<"/2&.0,Iv=<"*ﬁ/0<{J&$/O;=E"yE?Fpv)vR->F,=N2F$'1!w|~N0,)F$'10vRN$>F
DFpF/<?10F/g;=<{JFp1@$'vDF<"/0*$,=;=<?&.0Ei$,=E"f<"G-',=;$/O;%<"/ ,)F$E{z ;=<"GoF5v)+v=;)FGovDFp&$.2v)F
;=N2F<"/2&,)F$'v)F5;=N2FIE?F>FE^-x&p-'/O;=,)-'E^-x;=N2F50,)-O&pFpvv)Fpv~<"/n$v=mv=;)FG@!
    1   2#%$62  ﬀ& $6' &9ﬂ#    821/&
9n.0E";=<{z ;=N0,)F$'10Fp1a0,)-'*ﬁ,$GG<"/0*n<?v5*F/2F,$E"E"d&p-'/2v=<?10F,)Fp1$f;)-DFDF;=;)F,6¯~$p;)-
0,)-'*ﬁ,$G DFp&$.2v)FI<"; E?F$'10v ;)-0,)-'*ﬁ,$GG<"/0*;=N$;%<?v%Go-',)F6v);=,=.2&;=.0,)Fp1'$/210,)-z
*ﬁ,$Gov~;=N$;t$,)FwGo-',)FIF&<?F/g;!¬|~N2F,)FR<?v~/2--'<"/g;%<"/G$(O<"/0*o$G4.0E";=<{z ;=N0,)F$'10Fp1
0,)-'*ﬁ,$G -xb$ v=<"G0E?FIv=<"/0*ﬁE?Fw0,)-+&pFpv)v0,)-'*ﬁ,$G@! #.0;%&p-'G0E?F "$00E"<?&$;=<?-'/2v 0F, z
N$2v&p-'/2v=<?v=;=<"/0*:-x Go-',)F;=N$/ -'/2F 0,)-O&pFpv)v^¯%<"E"E¬DF v=<"G0E?F, ;)-y0,)-'*ﬁ,$G $/21
0,)-ﬃ>O<?10FG.2&)NDF;=;)F,F, x£-',=G$/2&pFﬁ!|~N2Ffx£-'E"E?-¯%<"/0*av=.0GG$,=<"¡Fpvv)-'GoF-xt;=N2F
Go-ﬁv=;t<"G-',=;$/O;R$'1m>'$/O;$*Fpvt;)-o.2v=<"/0*;=N0,)F$'10v ,
•   ZgpZgZgV  ¨^VﬃﬂW¨Z+ﬀZOVV !#E?-O&(O<"/0*$4;=N0,)F$'1¯%<"E"E/2-';/2Fp&pFpvv$,=<"E"D0E?-+&)(
;=N2FF/g;=<",)F0,)-+&pFpv)v!N2F/$ x`.0/2&;=<?-'/a&$E"EC<"/a$v=<"/0*ﬁE?FKz ;=N0,)F$'10Fp1d0,)-+&pFpv)v
D0E?-O&(+v ;=N2F 0,)-+&pFpv)v4¯%<"E"EDFx`,)-'¡F/.0/O;=<"E;=N$;x`.0/2&;=<?-'/ &$E"E<?v4J2/0<?v=N2Fp1!
N2F/$nx`.0/2&;=<?-'/&$E"E%<"/ $:;=N0,)F$'1D0E?-+&)(mv ¬-';=N2F,;=N0,)F$'10v-xI;=N2F@v$GoF
0,)-O&pFpv)vG$pav);=<"E"E¬F "0Fp&.0;)Fﬁ!@|~N0<?v $'1m>ﬁ$/g;$*F10-+Fpv6/2-';.2v=.$E"E"$00E"a;)-
.2v)F, z E?F>FEﬀ;=N0,)F$'10v!
•   ZgpZgwZOh bZgVVt§4¨__^bﬂcmﬃﬂ¨  ©§ 	 !-'GG.0/0<?&$;=<?-'/DF;}¯FpF/
;=N0,)F$'10v¬¯%<";=Nf;=N2Ftvk$GoF $,)F/g;~0,)-+&pFpv)v <?v¬.2v=.$E"E"$6E?-'; x $'v=;)F, ;=N$/f;=,$'1m<{z
;=<?-'/$E<"/g;)F,~0,)-O&pFpvv&p-'GG.0/0<?&$;=<?-'/Y! °R/$00E"<?&$;=<?-'/;=N$;~.2v)FpvG.0E";=<"0E?F
0,)-O&pFpv)vFpvo;)-$'&p&p-'G0E"<?v=N <";)vo;$'v)(+vo&$/DF@,)F0Ei$'&pFp1Dg\$/ $00E"<?&$;=<?-'/
G$'10F.0 -x G4.0E";=<"0E?F ;=N0,)F$'10v<"/2v);)F$'1-x 0,)-+&pFpv)v)Fpv!|~N0<?v¯%<"E"E$'&;=.$E"E"
Dgv=<"G0E?F, ;)-0,)-'*ﬁ,$G $/210,)->+<?10F5G4.2&NyDF;=;)F, F, x`-',=G$/2&pFﬁ!
• [ Z6ZgﬂZO ^VZ5VYVpZO_	ZgVﬃ¨^ZOV !(%2-',^F$'&)N4,)F*ﬁ<?v);)F,)Fp150,)-O&pFpvv
;=N2Fv=+v);)FGG$<"/O;$<"/2v$fv=<"*ﬁ/0<{J&$/O;$Go-'.0/g;4-x~12$;$m!° ;=N0,)F$'1<?v6$ E?-';
&)N2F$F,C;)-tG$<"/O;$<"/Y! |~N0<?vb*-OFpvFpv=Fp&<i$E"E"5x£-',^.2v)F, z}v)$'&pF¬;=N0,)F$'10vﬁ¯%N2F,)F
$E"Ew;=N2F:;=N0,)F$'1¤v=Fp&<{J&n12$;$ $,)F:(F0;<"/¤.2v)F,fv)$'&pFﬁ! #¬.0;f<"/¤*F/2F,$E
;=N0,)F$'10v .2v)F6-'/0E"$x`,$'&;=<?-'/y-xb;=N2F4v=+v);)FG ,)Fpv)-'.0,)&pFpv%.2v)Fp1DO 0,)-+&pFpv)v)Fpvﬃ!
°RE"E2-x;=N2FpvF $'1m>'$/O;$*Fpv¬$,)F $,=*ﬁ.0GoF/g;)v x£-',C<"G0E?FGoF/g;=<"/0*H5$6~$'Bb-$'v $wG.0E";=<{z
;=N0,)F$'10Fp1:$00E"<?&$;=<?-'/Y!
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|~N0<?vv)Fp&;=<?-'/10Fpv)&,=<"DFpv;=N2F Go-ﬁv);ov=<"*ﬁ/0<{J&$/g;0,)-'D0E?FGov;=N$;$,)FF/2&p-'.0/O;)F,)Fp1
¯%N2F/n0,)-'*ﬁ,$GG<"/0*¯%<";=N:;=N0,)F$'1!I|~N2F@&$/d$E"EbDF$p>-'<?10Fp1:¯%<";=Nd&$,)FKx`.0E^0,)-z
*ﬁ,$GG<"/0*2!
• §4ﬂWﬃﬂc2]^VZgﬃﬂW !° &,=<";=<?&$Ev)Fp&;=<?-'/o<?v¬$w$,=; -x;=N2F%&p-+10F%<"/¯%N0<?&N 12$;$
;=N$;I<?vIv=N$,)Fp1:DF;³¯¬FpF/d;=N0,)F$'10v5&$/:DF<"/2&p-'/2v=<?v=;)F/O;!6°~;6$oN0<"*ﬁN2F,5E?F>FE
<";&$/DF>O<?F¯Fp1$'v$@v)Fp&;=<?-'/ -x &p-O10F<"/¯%N0<?&)N ;=N2F,)F <?v6/2-@*ﬁ.$,$/O;)FpF
x£-',R-';=N2F,t;=N0,)F$'10vR;=N$;w;=N2F4v=;$;)F-xCv-'GoF412$;$<?v ;=,=.2Fﬁ!%ª}xC-';=N2F,w;=N0,)F$'10v
$'&p&pFpv)v;=N2Fpv)F12$;$y1m.0,=<"/0*$@&,=<";=<?&$Ev)Fp&;=<?-'/ b<"; &p-'.0E?1&$.2v)F &,$'v=N ^E?-O&(
.0 '0,)-+1m.2&pF¬<"/2&p-',=,)Fp&;,)Fpv=.0E";)vﬁ-',  .2v=;$D-'.0; $/g -';=N2F,^.0/00E?F$'vk$/g;C;=N0<"/0*2!
|~N2Fv)-'E".0;=<?-'/ <?v *F/2F,$E"E";)-10F/g -';=N2F, ;=N0,)F$'10vo$'&p&pFpvv;)-:;=N2Fpv)F12$;$
¯%N0<"E?Fo$ ;=N0,)F$'1:<?v6$ &,=<";=<?&$E vFp&;=<?-'/Y!49n.0;)F "mFpv5$/21dv)FG$0N2-',)Fpv 8ﬁ7 $,)F
GoFp&)N$/0<?v)Govt.2v)Fp1fx£-',%;=N0<?v%0.0,=-ﬁv)Fﬁ!
• ©6'ﬂW¨ﬂWk ﬂ`¨ZgVﬃﬂ¨ !|~N0<?v0,)-'D0E?FGL;=N$; &$/ -+&p&.0,4¯%N2F/ .2v=<"/0*@J "0Fp1
0,=<?-',=<";}v&)N2Fp1m.0E"<"/0* `vFp&;=<?-'/ Pm!87m!" K!\B ,=<?-',=<";} <"/g>F,)v)<?-'/N$0F/2vo¯%N2F/
$nE?-¯~z 0,=<?-',=<";³ ;=N0,)F$'1 0,)F>F/g;)v $nN0<"*ﬁNmz 0,=<?-',=<";³ ;=N0,)F$'1 x,)-'G ,=.0/0/0<"/0*z
$'v6$,)Fpv=.0E";6-x$/<"/g;)F,$'&;=<?-'/DF;³¯¬FpF/av)&N2Fp1m.0E"<"/0*n$/21v=O/2&N0,)-'/0<"¡ﬃ$;=<?-'/Y!
|~N2F v)&N2Fp1m.0E?F,¬10Fp&<?10Fpv¬;=N$; -'/2F%;=N0,)F$'1 v=N2-'.0E?1,=.0/ D0.0;¬v=O/2&N0,)-'/0<"¡ﬃ$;=<?-'/
,)FpuO.0<",)Fpv ;=N$;$/2-';=N2F,¬;=N0,)F$'1,=.0/2v J2,)v=; gv-5;=N$; ;=N2F%0,=<?-',=<";=<?Fpv-x;=N2F ;³¯¬-
;=N0,)F$'10v5$0F$,R;)-oDF6,)F>F,)v)Fp1!t|~N2F4-+&p&.0,=,)F/2&pF<?vtDFpv);RF "m0Ei$<"/2Fp1y¯%<";=N
$/@F "2$G0E?F-,
 ﬁ! ° E?-¯~z 0,=<?-',=<";}y;=N0,)F$'1y$'&pug.0<",)FpvR$v=N$,)Fp1,)Fpv)-'.0,)&pFﬁ!
7m! ° ;=N0,)F$'1¯%<";=Nn$ N0<"*ﬁN2F,t0,=<?-',=<";³;=N0,)F$'1y$,=,=<">Fpv!
Am! |~N2Fwv)&)N2Fp1m.0E?F,%0,)FpFG0;)v;=N2FwE?-¯~z 0,=<?-',=<";³ ;=N0,)F$'1'0$/21fE?F;)v;=N2Ft/2F¯
;=N0,)F$'1,=.0/Y!
M2! |~N2F%N0<"*ﬁNmz 0,=<?-',=<";³;=N0,)F$'1 $;=;)FG0;)v¬;)-4$'&puO.0<",)F%;=N2Ftv)N$,)Fp1,)Fpv)-'.0,)&pF 
D0.0; D0E?-+&)(mv%DFp&$.2v)FI<"; <?vt$E",)F$'1mN2FE?1Dg;=N2F5E?-ﬃ¯~z 0,=<?-',=<";};=N0,)F$'1!
Pm! |~N2FE?-¯~z 0,=<?-',=<";³ ;=N0,)F$'1 *F;)v;)-,=.0/ .0/g;=<"Et<";,)FE?F$'v)Fpv;=N2Fv=N$,)Fp1
,)Fpv)-'.0,)&pFﬁ! |~N2F6N0<"*ﬁNmz 0,=<?-',=<";};=N0,)F$'1G.2v=; ¯$<"; x`-',%;=N2F5E?-ﬃ¯~z 0,=<?-',=<";}
;=N0,)F$'1!
%0,)-'G ;=N0<?v%-'<"/O; 2;=N2F50,)-'D0E?FG&$/@*F;tF>F/@¯-',)v)Fﬁ!|~N2Fp-',)F;=<?&$E"E";=N2F,)F
&p-'.0E?1DFf$@Ei$,=*F /g.0GDF,-x E?-¯~z 0,=<?-',=<";³;=N0,)F$'10v ;=N$;$E"E¬N2-'E?1 v=N$,)Fp1
,)Fpv)-'.0,)&pFpv ;=N$;;=N2FN0<"*ﬁNmz 0,=<?-',=<";³\;=N0,)F$'1\/2FpFp10v;)-dDFy$D0E?Fy;)-a,=.0/Y!¤ª}/
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;=N2F ;=N0,)F$'10vv=.00-',=;!:|~N0<?v0,)-+&pFpv)v <?v v)&)N2Fp1m.0E?Fp1 DOa;=N2F(F,=/2FE $'v -'/2F
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• ©wZg}¨_c2ﬀgZbﬂ ZOZ+ﬀgZ !aw-¯ G.2&)N ;=<"GoF<?vv=F/g;-'/ ;=N2F&p-'/g;)F "m;
v=¯%<";)&)N2Fpv G$(Fpv .0Go-ﬁv);-x ;=N2F F, x£-',=G$/2&pF 1m<F,)F/2&pFﬁ!yª³/Go-ﬁv); v=mv z
;)FGov $~&p-'/O;)F "+;bv=¯%<";)&)N4DF;³¯¬FpF/4.2vF, z}v=$'&pFC;=N0,)F$'10vY<?vx£$'v=;)F,;=N$/4DF;³¯¬FpF/
(F,=/2FE{z}v=.00-',=;)Fp1;=N0,)F$'10vﬃ! QR/v-'GoFRv=mv=;)FGov gN2-¯F>F, 0;=N2FR1m<F,)F/2&pFw<?v
/2-'; *ﬁ,)F$;! ´<"/O.#"@<?v -'/2F5-xb;=N2FpvF6v=mv=;)FGov!
• ©4¨Xb]ZO_V ﬂW  ³bﬀﬁﬃﬂﬀc2]`ﬂW ! QR/2F6G$ =-', 0,)-'D0E?FG¯%<";=Ny.2v)F, z}v)$'&pF
;=N0,)F$'10v ﬁ<?v^¯%<";=N D0E?-+&)(+<"/0*5v=mv=;)FG &$E"E?vﬃ!^#~Fp&$.2v)F¬;=N2F(F,=/2FEm10-+Fpv=/  ;b(O/2-ﬃ¯
$D-'.0; ;=N2F~;=N0,)F$'10vO$ID0E?-+&)(+<"/0*4v=mv=;)FG &$E"E2¯%<"E"E2/2-';  .2v=;CD0E?-+&)( ;=N2F &$E"E"<"/0*
;=N0,)F$'1'2<";%¯%<"E"EYD0E?-+&)(;=N2FI¯%N2-'E?F50,)-+&pFpv)v!
#%$'v)Fp1-'/\;=N2Fpv)Fn&)N$,$'&;)F,=<?v=;=<?&pv  ;=N2Fy-'/0E" *-+-O1 ,)F$'v-'/x£-',o.2v=<"/0*.2vF, z}v=$'&pF
;=N0,)F$'10vt<?v%<{xb;=N0,)F$'10vw$,)F5/2-'; v=.00-',=;)Fp1<"/@;=N2FI(F,=/2FE !
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v=<?-'/2vw$,)FD$'v)Fp1:-'/n0,=<?-',=<";³y1m,=<">F/dv)&)N2Fp1m.0E"<"/0*$.2v)F -x -';=N2F,5$E"*-',=<";=N0GovI<?vw$E{z
E?-¯¬Fp1'mD0.0;¬/2-'/2Fw$,)Fw10FKJ2/2Fp1  Mg }!9n-',)Fwv=Fp&<{J&$E"E"+BQ5+ª ±10FKJ2/2Fpv;=N2F %bª %^Q
$/21sts v&)N2Fp1m.0E"<"/0*f$E"*-',=<";=N0Govt¯%<";=N@0,=<?-',=<";=<?Fpv ,
•  ﬂVp5p  ﬂVp oﬀ !%ª %^Q<?vC-ﬁv)v=<"D0E";=N2F v=<"G0E?Fpv=; $E"*-',=<";=N0G²x`-',¬B	
v)&N2Fp1m.0E"<"/0*2!6ª};w0,)->+<?10Fpv5/2-x£$<",=/2Fpvv!5ª}/ %ª %bQ ¨;=N2F v=mv=;)FGG$<"/g;$<"/2v4$
E"<?v=; -xb;=N2FI,=.0/$D0E?F5;$'v=(mv! N2F/;=N2FB  <?v~,)F$'1m0;=N2FwJ2,)v);%;$'v=(<"/;=N2F
Aﬁ           0   !  
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E"<?v=;^*F;)v;)-R,=.0/Y! N2F/o$t/2F¯;$'v=(4<?v^,)F$'1m4;)-R,=.0/ '<";b<?vb0Ei$'&pFp1$;^;=N2FF/21
-x ;=N2FoE"<?v=; -x~,=.0/$D0E?F ;$'v=(mv!° v)&)N2Fp1m.0E?Fp1;$'v=(,=.0/2v.0/g;=<"E~&p-'G0E?F;=<?-'/Y!
|~N2F,)F<?v4/2-:0,)FpFG0;=<?-'/-xt;$'v=(mv /2-n;=<"GoFKz}v=N$,=<"/0*  /2-nx $<",=/2Fpv)v! %b<",)v=;
&p-'GoFIz J2,)v=; v)F,=>F$00E"<?Fpv!
• ef¨b^ e ¨Xbﬂ` !@sts <?v -'/2F -xt;=N2Ff-'E?10Fpv=; Cv=<"G0E?Fpv); bx£$<",)Fpv=;$/21 Go-ﬁv=;
¯%<?10FE"a.2v)Fp1 8ﬁ7!~$E"*-',=<";=N0Gov!nª};<?v4v=<"G<"Ei$, ;)- %ª %^Q ﬀD0.0;$E"<";=;=E?F Go-',)F
&p-'G0E?F "!¤ª³/\-',)10F,;)-0,)->+<?10Fx $<",=/2Fpv)v ~F$'&)N;$'v=( <?v$'v)v=<"*ﬁ/2Fp1 $;=<"GoF
<"/g;)F,=>ﬁ$E&$E"E?Fp1<";)v  	 ﬂ  	 ﬀ¯%N0<?&N<";6<?v $E"E?-¯Fp1;)-,=.0/Y!  N2F/$;$'v=(
N$'v~.2v)Fp1.0<";)v~uO.$/g;=.0G&m<"; v~0,)FpFG0;)Fp1@$/21f0.0; $;¬;=N2FIF/21-xﬀ;=N2FwE"<?v=;
-xb,=.0/$D0E?F4;$'v=(+vﬃ!
 N2F/:0,=<?-',=<";=<?FpvI$,)F $'1010Fp1y;)-&%ª %bQ $/21:stsﬂ2;=N2F,)F4<?vR-'/2F4E"<?v=;w-x ,=.0/$D0E?F
;$'v=(x£-',F$'&)N 0,=<?-',=<";}E?F>FE !n|b$'v=(+v¯%<";=N N0<"*ﬁN2F,0,=<?-',=<";³ $E"¯~$pmv*F;)v4;)-n,=.0/
DFKx`-',)Fw;$'v=(mv¯%<";=NE?-¯F, 0,=<?-',=<";}!¬s .0/0/0<"/0*;$'v=(mv%&$/fDFw0,)FpFG0;)Fp1Dg N0<"*ﬁN2F,
0,=<?-',=<";³\;$'v=(mv! |^- 0,)F>F/g;@$aN0<"*ﬁNmz 0,=<?-',=<";³;$'v)( x,)-'G¥,=.0/0/0<"/0* <"/210FKJ2/0<";)FE"
;=N2F,)FDOfv=;$,=>+<"/0*-';=N2F,~;$'v=(+vO;=N2F,)F5$,)FwGoFp&)N$/0<?v)Gov~x`-', $'1  .2v=;=<"/0*<";)v~0,=<?-',=<";}
E?F>FE2F>F/:$'v%<"; ,=.0/2v!
° x.0/212$GoF/O;$EC0,)-'D0E?FG	¯%<";=N0,=<?-',=<";}Oz D$'v)Fp1av)&N2Fp1m.0E"<"/0*<"/d$ G.0E";=<"GoFp1m<i$
&p-'/O;)F "+; ﬁ<?vb;=N$;<";b<?v^N$,)1 ;)-R0,)-'F,=E"$E"E?-O&$;)F,)Fpv)-'.0,)&pFpv^x£-',$ =-'DD$'vFp140.0,)FE"
-'/ ;=N2F =-'D  v^0,=<?-',=<";}!CBC,=<?-',=<";³gz D$'v)Fp1v&)N2FGoFpvbN$p>F~v)F>F,$E+-';)F/O;=<i$Em0,)-'D0E?FGov 
<"/2&E".21m<"/0*v);$,=>'$;=<?-'/ 00,=<?-',=<";³<"/g>F,)v=<?-'/ $/21Ei$'&(f-x^J2/2FKz *ﬁ,$<"/:$E"E?-+&$;=<?-'/$8Pﬁ #
  ﬀ& 8   2 $ ﬂ' #  (2& ﬀ1   . *'* ﬂ3$ /!&
sRFpv)F,=>'$;=<?-'/ D$'v)Fp1 $E"*-',=<";=N0Govd$,)Fa¯%<?10FE"¤.2v)Fp1 <"/±,)F$E{z ;=<"GoF v=+v);)FGov! °RE{z
*-',=<";=N0Gov<"/;=N0<?vo&$;)F*-',=$,)F@F "m;=,)FGoFE" F&<?F/O; ~<"/ ;)F,=Gov-x4B	 .2v$*F 
<"/ v=mv=;)FGov6¯%N2F,)F ;$'v=(mv $,)FF,=<?-+1m<?&8Pﬁ}!nª}/;=N0<?v&p-'/O;)F "+; ;=N0<?v GoF$/2v;=N$;
;$'v=(mv $0F$,f$;f$d,)F*ﬁ.0Ei$,<"/O;)F,=>'$E N$p>Fn$a,)F*ﬁ.0Ei$,0,)-+&pFpv)v=<"/0*;=<"GoF  $/21$
,)F*ﬁ.0Ei$,10F$'1mE"<"/2Fﬁ!:stFpv)F,=>ﬁ$;=<?-'/D$'vFp1 $E"*-',=<";=N0Gov&$/ DF.2v)Fp1;)-y<"G0E?FGoF/O;
*ﬁ.$,$/O;)FpFp1w-gﬃgD0.0;$;¬;=N2Ft&p-ﬁv=; -xx $<",=/2Fpv)v!|~N2F$,)FR$E?v-6E?Fpv)v F "+<"D0E?Ft<"/o;=N2F
v)F/2vFI;=N$; ;$'v=(mvt$,)FI,)Fpug.0<",)Fp1@;)-N$p>F5F,=<?-+1m<?&5DFN$>O<?-',!
|~N2Ft;}¯-6Go-ﬁv=; ¯%<?10FE".2v)Fp1 $E"*-',=<";=N0Gov¬<"/;=N0<?v &$;)F*-',=m¢ H %a$/21ost9 $,)F
D-';=ND$'v)Fp1-'/;=N2F v$GoFoF,=<?-O1m<?&;$'v=(dGo-+10FE &;$'v=(+v $,)F&N$,$'&;)F,=<"¡Fp1 Dg$
v=;$,=;5;=<"GoF %;=N2F;=<"GoFo$;5¯%N0<?&)Nd;=N2F;$'v)(n,)FpuO.0<",)FpvI;=N2F J2,)v=;6F "0Fp&.0;=<?-'/ ^$/21a$
J "0Fp1F,=<?-+1 4n<"/¯%N0<?&N@;=N2F5;$'v=( ,)Fpug.0<",)Fpv F "0Fp&.0;=<?-'/@;=<"GoF %¨$/21@$10F$'1mE"<"/2F 
 %b<"*ﬁ.0,)F4Pm!" K!
ª³/6G.0E";=<"GoFp1m<i$ ';=N2F,)F¬$,)F F/2&p-+1m<"/0*Rv)&N2FGoFpvYx£-',Y&p-'/g;=<"/O.2-'.2vC$.21m<?-R$/216>+<?10Fp-
;=N$;*F/2F,$;)FR&p-'/2v);$/g;~D0<"; ,$;)Fwv=;=,)F$Gov!stFpvF,=>'$;=<?-'/mz D$'v)Fp1fv)&N2Fp1m.0E"<"/0* <?v¬-'mz
;=<"G$E%<"/ ;=N2Fpv)F&$'v)Fpvﬃ!w-¯F>F,  ,)Fpv)F,=>ﬁ$;=<?-'/mz D$'v)Fp1v&)N2Fp1m.0E"<"/0*a¯%<"E"E%0,)-'D$D0E"
/2F>F,5DF ¯%<?10FE"$'&p&pF0;)Fp1x£-',I*F/2F,$E 0.0,=-ﬁv)Fv=+v);)FGov DFp&$.2vF -x;=N2F1m< z
&.0E";³-xC&p-',=,)Fp&;=E"Fpv=;=<"G$;=<"/0*f$ ;=N0,)F$'1  vt,)Fpug.0<",)Fp1@-',=;=<?-'/n$/21@F,=<?-+1 8Pﬁ #}!
•   c0']ﬂZOVp UZOc0b]`ﬂ`^Z  ﬂVp ! ¢ H % <?vy$ 1m+/$G<?&$/21¤0,)FpFG0;=<">F $E{z
*-',=<";=N0G 8Pﬁ}!°~;RF>F,=/2F¯ ,)F$'1mv=;$;)F ;=N2F4v)&N2Fp1m.0E?F,Rv)FE?Fp&;)vR;=N2F5;$'v=(
 0      	 
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 Aﬁ
e
d
p
Periodic Task T
0
s
e: Processing time of T
d: Deadline of T
p: Period of T
s: Starting point
%b<"*ﬁ.0,)F4Pm!" -,CBbF,=<?-+1m<?&6;$'v=(fGo-O10FE
¯%<";=No;=N2FRF$,=E"<?Fpv=; 10F$'1mE"<"/2FI$Go-'/0*6;=N2F ;$'v=(mvC;=N$;¬$,)Ft,)F$'1mo$/21/2-'; x`.0E"E"
0,)-+&pFpv)v)Fp1! N2F/2F>F, $/2F¯²;$'v=(yDFp&p-'GoFpv5,)F$'1m:;)-,=.0/ <"; v610F$'1mE"<"/2F
G4.2v);<"GGoFp1m<i$;)FE" DF &p-'G0.0;)Fp1 Dga;=N2F¢ H % $E"*-',=<";=N0G@!|~N0<?v GoF$/2v
;=N$;;=N2F,=.0/0/0<"/0*5;$'v=(6<?v0,)FpFG0;)Fp1'g$/21o$t/2F¯v)&)N2Fp1m.0E"<"/0*6-',)10F,<?vC&p-'Gz
0.0;)Fp1!|~N2F%/2F¯ ;$'v=(<?v v)&)N2Fp1m.0E?Fp1o<"GGoFp1m<i$;)FE"g<{x<"; v 10F$'1mE"<"/2F%<?vCF$,=E"<?F,
;=N$/;=N$;-x~;=N2Fo<"/g;)F,=,=.00;)Fp1;$'v=(! |~N2Fo0,)-+&pFpv)v=<"/0*y-x%;=N2F<"/O;)F,=,=.00;)Fp1
;$'v=(<?v4&p-'/O;=<"/g.2Fp1 Ei$;)F,-'/ b$'&p&p-',)1m<"/0*:;)-@;=N2F ¢ H % $E"*-',=<";=N0G@!@¢ H % <?v
/2-';%-'/0E"f$/y$E"*-',=<";=N0G x£-',~F,=<?-+1m<?&w;$'v=(+vOD0.0; $E?v)-x£-',~;$'v=(+v¯%<";=N@$,=D0<"; z
,$,=y,)FpuO.2Fpv=;)v 10F$'1mE"<"/2Fpv$/21dv)F,=>O<?&pFF "0Fp&.0;=<?-'/d;=<"GoFpv! ª}/;=N0<?v5&$'v)F /2-
*ﬁ.$,$/g;)FpF $D-'.0;t;=N2F50,)-O&pFpvv=<"/0*o-xC$/O;$'v=(f&$/DFI*ﬁ<">F/Y!
¢ H % &$/±DFn<"G0E?FGoF/O;)Fp1 -'/ ;)-'±-xo$ 0,=<?-',=<";} 1m,=<">F/ v&)N2Fp1m.0E?F,@DO
$'v)v=<"*ﬁ/0<"/0*I0,=<?-',=<";=<?FpvCD$'vFp1-'/10F$'1mE"<"/2Fpv!C|~N2FN0<"*ﬁN2Fpv=;0,=<?-',=<";} <?vC$'v)v=<"*ﬁ/2Fp1
;)-;=N2F ;$'v=(y¯%<";=Nd;=N2FF$,=E"<?Fpv);610F$'1mE"<"/2F &ﬀ;=N2FE?-ﬃ¯¬Fpv=;6;)-f;=N2F-'/2F¯%<";=Nd;=N2F
x`.0,=;=N2Fpv=;!6|~N0<?vI<"G0E"<?&$;)Fpv5;=N$;50,=<?-',=<";=<?Fpv6-x~$E"Eb;$'v)(+vwG<"*ﬁNg;5N$>F;)-DF
,)F$'1  .2v=;)Fp1¯%N2F/2F>F, $6/2F¯;$'v=($,=,=<">FpvO¯%N0<?&N G$&$.2v)Fw&p-'/2v=<?10F,$D0E?F
->F,=N2F$'1!
• e cmZ[ ¨^2^ﬂ ! |~N2FasR9 0,=<"/2&<"0E?Fd¯~$'v@<"/O;=,)-O1m.2&pFp1 Dg¤´<". $/21
´ﬀ$OEi$/21 <"/  r'Am!ª³;<?v$/ -'0;=<"G$E v);$;=<?&  0,)FpFG0;=<">F0,=<?-',=<";} 1m,=<">F/
$E"*-',=<";=N0Gx£-',6F,=<?-O1m<?&  -'D2v 8Pﬁ}!QR0;=<"G$E¬<"/a;=N0<?v4&p-'/O;)F "+;GoF$/2v4;=N$;
;=N2F,)FR$,)F /2-4-';=N2F, v=;$;=<?&w$E"*-',=<";=N0G ;=N$; <"; <?v¬$D0E?Ft;)-6v)&)N2Fp1m.0E?FI$I;$'v=(v)F;
¯%N0<?&)N&$/0/2-';5$E?v)-oDF6v)&N2Fp1m.0E?Fp1nDO@st9 !2ª³; v DFpF/y¯%<?10FE"@.2v)Fp1y<"/y,)F$E{z
;=<"GoFov)&N2Fp1m.0E"<"/0*x£-',4$E?-'/0*;=<"GoFﬁ!o°R/21;=N2F,)F$,)F/g.0GoF,)-'.2v$E"*-',=<";=N0Gov
;=N$;R$,)FI>ﬁ$,=<i$;=<?-'/2vt-'/@;=N2F4v$GoFI0,=<"/2&<"0E?Fﬁ!
+&)N2Fp1m.0E"<"/0*I-x2$~;$'v=(w<?vY-'/0E"510-'/2FC,=<"*ﬁNg;^DFKx£-',)FC<";ﬀv=;$,=;)vﬀF "mFp&.0;=<"/0*2!b°~;Y;=N0<?v
;=<"GoF ;=N2F;$'v=(@<?v5$'v)v=<"*ﬁ/2Fp1$ 0,=<?-',=<";}!6|b$'v=(+v5$,)F F "mFp&.0;)Fp1d$'&p&p-',)1m<"/0*;)-
;=N2F 0,=<?-',=<";=<?FpvC$E",)F$'1m$'vv=<"*ﬁ/2Fp16;)-t;=N2FG@!^|~N2F,)F¬<?vY/2F>F,C$/g5,)Fpv)&N2Fp1m.0E"<"/0*
-x0,)-O&pFpv)vFpv!
|~N2F5x£-'E"E?-¯%<"/0*fJ2>F $'v)v=.0G0;=<?-'/2v5$,)F6/2Fp&pFpv)vk$,=0,)F,)Fpug.0<?v=<";)Fpvw<"/:-',)10F,R;)-
Mg          0  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$00E"sR9 8Pﬁ# ,
 ﬁ!%|~N2F,)Fpug.2Fpv=;)vx£-',o$E"E;$'v)(+v ¯%<";=N 10F$'1mE"<"/2Fpv$,)FfF,=<?-+1m<?& C<?Fﬁ!dN$>F
&p-'/2v=;$/g;R<"/g;)F,=>ﬁ$E?v DF;}¯¬FpF/:&p-'/2v)Fp&.0;=<">F6,)FpuO.2Fpv=;)v!
7m!%|~N2F¬0,)-+&pFpv)v=<"/0*I-xv=<"/0*ﬁE?F;$'v=(5G.2v=;DF J2/0<?v=N2Fp1 DFKx£-',)F ;=N2F¬/2F "m;^;$'v=(
-x;=N2F4v$GoF612$;$ov);=,)F$G DFp&p-'GoFpvR,)F$'1mfx`-',RF "mFp&.0;=<?-'/Y!HIF$'1mE"<"/2Fpv
&p-'/2v=<?v=;)v-x,=.0/mz³$D0<"E"<";³ &p-'/2v=;=,$<"/g;)vn-'/0E"t<?Fﬁ! F$'&)N ;$'v=(G4.2v=;DF
&p-'G0E?F;)Fp1@DFKx`-',)F5;=N2FI/2F "m; ,)FpuO.2Fpv=; -+&p&.0,)v!
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10Fpv)&,=<"DFp1<"/aGo-',)F10F;$<"E¬<"/ ¬N$0;)F,or+! %^<"/$E"E"^;=N2F,)F <?v$v=.0GG$,=a-x%;=N2F
&p-'G$,=<?v)-'/2v  $/21 $@&p-'/2&E".2v=<?-'/Y!s|%´<"/O.#"¯$'vx£-'.0/21 ;)-@DF;=N2F Go-ﬁv=; E"<"(FE"
&$/21m<?12$;)FIx`-',R-'.0,%0.0,=-ﬁv)Fpvﬃ!
   % ﬃ!"  & 
¬N2-',=.2vkQ5<?v $nG<?&,)-z (F,=/2FE%D$'v)Fp1,)F$E{z ;=<"GoF-'F,$;=<"/0*dv=mv=;)FG@!ª};¯$'v-',=<{z
*ﬁ<"/$E"E"a10F>FE?-'Fp1 $;ª³/2v=;=<";=.0;4I$;=<?-'/$E10FosRFp&)N2F,)&N2FfF/ª}/mx£-',=G$;=<?ug.2F F;F/
°t.0;)-'G$;=<?uO.2F`ª­RsRª³° <"/ %2,$/2&pFﬁ!@´ﬀ$;)F,4<";¯$'v &p-'GGoF,)&<i$E"<"¡Fp1 Dg¬N2-',=.2v
O+v=;)FGpvg¯%N0<?&N¯$'v%$'&pug.0<",)Fp1fDOfO.0/9y<?&,)-ﬁv=mv=;)FGov¬<"/d ﬁr+! O.0/ <?vG$,=(F; z
<"/0*a¬N2-',=.2vKQ5 $'v$/ FGDFp1010Fp1 ,)F$E{z ;=<"GoF@-'F,$;=<"/0*dv=mv=;)FG& Fpv=Fp&<i$E"E";$, z
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*F;)Fp1d$;I.2v)F<"/n0.0D0E"<?&v=¯%<";)&N2Fpv6$/21nB # IFpv Y$/21:v=.000E"<?FpvI;)-+-'E?vw10Fpv)<"*ﬁ/2Fp1yx£-',
10F>FE?-'0GoF/O;-x%FG4DFp1010Fp1$00E"<?&$;=<?-'/2v!O.0/$E?v)-fN$>F0Ei$/2vIx£-',¬N2-',=.2vkQ5
$'vt$ $,=;R-xg$>'$Q5!
¬N2-',=.2vKQ5&p-'GoFpv¯%<";=N $nB¬Q5+ª  °t00E"<?&$;=<?-'/ BC,)-'*ﬁ,$G ª³/g;)F, x $'&pF `°RB ª 
<"/2&E".21m<"/0*:;=N2FB¬Q5+ª ,)F$E{z ;=<"GoFF "+;)F/2v)<?-'/2v b$'v¯¬FE"E~$'v $@/$;=<">F°wB ªwx£-',$'1+z
1m<";=<?-'/$EC$'1m>'$/2&pFp1y,)F$E{z ;=<"GoF5x`.0/2&;=<?-'/2v!~|~N2F4-'F,$;=<"/0* v=mv=;)FG <";)vFE{x<?vt<"G0E?FKz
GoF/O;)Fp1@Go-ﬁv=;=E"f<"/: m¯%<";=Nyv)-'GoF6$,=;)v%¯%,=<";=;)F/y<"/n	
 !
  ' 2 . & '*)   '* ﬁ/&  
|~N2F*-$E?v6-x;=N2F¬N2-',=.2v50,)- =Fp&;5N$p>FoF>-'E">Fp1$E?-'/0*¯%<";=Nd;=N2Fv)+v=;)FG <";)v)FE{x=!
 N2F/6;=N2FC¯-',=(6-'/6;=N0<?vY;=N2Fpv=<?vﬀ&p-'GGoF/2&pFp1'g¬N2-',=.2vkQ5I¯~$'vﬀuO.0<";)FC<?10F$E"E"5v=.0<";)Fp1'
$'v &$/yDF5v)FpF/DOv=.0GG$,=<"¡p<"/0*;=N2FI*-$E?vR-xb;=N2F¬N2-',=.2v 0,)-  Fp&;R$;t;=N2FI;=<"GoF-,
•  N2F/f¬N2-',=.2vkQ5¯$'v¬&p-'GGoF,)&<i$E"<"¡Fp1'0¬N2-',=.2v~O+v);)FGpv 0.0;¬$IE?-';¬-xFKxz
x`-',=;C<"/O;)-5Fpug.0<"00<"/0* ¬N2-',=.2vKQ5 ¯%<";=NN0<"*ﬁNF, x£-',=G$/2&pFwRªFG.0Ei$;=<?-'/Y!
|~N2Ff&p-'G$/O¯~$/g;)Fp1¬N2-',=.2v ;)-yDF vFpF/ $'v$/ $E";)F,=/$;=<">Ff;)-:°C|	I|
Rwª  ,)FKz}F/0*ﬁ<"/2FpF,)Fp1' F$'v)<?F,4;)-@G$<"/O;$<"/  $/21-',=<?F/O;)Fp1;)-@x.0;=.0,)F.2v)F,
,)Fpug.0<",)FGoF/O;)v 8ﬁA}!5° ¬N2-',=.2vKQ5yv).0D2v=+v);)FG&&$E"E?Fp1d9n<  ¨F/$D0E?Fp1<";I;)-
,=.0/ RwªOmv=;)FG * D0<"/$,=<?Fpvﬃ!
• wF$p>+nFG0N$'v)<?v5¯$'v6$E?v)-f0.0;5-'/dG$(+<"/0*@¬N2-',=.2vKQ5$ 1m<?v);=,=<"D0.0;)Fp1d-'mz
F,$;=<"/0* v=mv=;)FG@!C|~N2F5<"/O;)F/g;=<?-'/y¯~$'v ;)-$E"E?-ﬃ¯ wRª 0,)-'*ﬁ,$Govt;)-,=.0/y-'/
$&p-'E"E?Fp&;=<?-'/-x~G$'&)N0<"/2Fpv &p-'/0/2Fp&;)Fp1aDOd$/2F;}¯¬-',=(!* $,=<?-'.2v F "m;)F/2v=<?-'/2v
N$p>F6DFpF/y$'1010Fp1;)-ov).00-',=; 1m<?v=;=,=<"D0.0;)Fp1:$00E"<?&$;=<?-'/2v!
• °R/2-';=N2F,4*-$E¬¯$'v4;)-yv=.00-',=;6,)F$E{z ;=<"GoF$00E"<?&$;=<?-'/2v!|~N0<?v6<?v410-'/2FDg
$E"E?-¯%<"/0*f,)F$E{z ;=<"GoF40,)-'*ﬁ,$GovR;)-N$p>F 1m<",)Fp&;w$'&p&pFpvv ;)-;=N2F4G<?&,)-z (F,=/2FE
$/210,)->+<?10F6,)F$E{z ;=<"GoF6v&)N2Fp1m.0E"<"/0*GoFp&N$/0<?v=Gov!
• ¬N2-',=.2vdOmv=;)FGpvy$E?v)- <"/O;=,)-O1m.2&pFp1 -'D=Fp&; z}-',=<?F/g;)Fp1 0,)-'*ﬁ,$GG<"/0*<"/O;)-
¬N2-',=.2vkQ5!
R/mx£-',=;=.0/$;)FE" ¯%N2F/¤O.0/ $'&puO.0<",)Fp1 ¬N2-',=.2v@O+v);)FGpv ~<";0,)Fp&<"0<";$;)Fp1 $
,$'1m<?&$E $E";)F,$;=<?-'/d-x ;=N2Fpv)FpvI*-$E?vﬃ!4¬N2-',=.2vkQ5y<?vR;)-+12$p:v=Fp&<i$E"<"¡Fp1$'v5$/FGz
DFp1010Fp1@-'F,$;=<"/0*v=mv=;)FG  +Fp&;=<?-'/:7m!87¬x£-',%;)FE?Fp&p-'G FpuO.0<"0GoF/g;!
      & $6ﬀ! %$6 ﬁ $ ﬁ  
¬N2-',=.2vkQ5±<?v:v=;=,=.2&;=.0,)Fp1 <"/ Ei$pF,)v  $'vnv)N2-¯%/ <"/ %b<"*ﬁ.0,)Fm!" ﬁ!°~;n;=N2FD-'; z
;)-'G <?v ;=N2FG<?&,)-z (F,=/2FE¬&$E"E?Fp1;=N2Ff/g.2&E?F.2vﬃ!:|~N2F <?10F$y<?v;)-nGo->F$'vG4.2&N
x`.0/2&;=<?-'/$E"<";} $'v-ﬁv)v=<"D0E?Ff$p¯~$pax`,)-'G ;=N2F(F,=/2FE $/21<"/g;)-:.2v)F,v)$'&pFﬁ!n|~NO.2v 
;=N2FyG<?&,)-z (F,=/2FEw-'/0E" 0,)->+<?10Fpv G<"/0<"G$EtG$/$*FGoF/g;-x5/$GoFpv 0,)-O&pFpvv)Fpv 
;=N0,)F$'10v ^GoFGo-',=a$/21a&p-'GG4.0/0<?&$;=<?-'/Y!|~N2Fo,)Fpv=;4-x~;=N2Fo-'F,$;=<"/0*:v=mv=;)FG	<?v
0,)-ﬃ>O<?10Fp1 Dg 0,)-+&pFpv)v)Fpv <"/\;=N2FyN0<"*ﬁN2F, Ei$F,)v! ¬N2-',=.2vKQ5v)F$,$;)FpvfDF;}¯FpF/
;=N0,)FpF61m<F,)F/g;R;}+Fpvt-xb0,)-+&pFpv)v)Fpv ,
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%^<"*ﬁ.0,)FIm!" -,|~N2FtEi$F,)Fp1 v);=,=.2&;=.0,)Fw-xb¬N2-',=.2vKQ5ﬃg¯%<";=N$5G<?&,)-z (F,=/2FE0v=.0D2v)+v z
;)FGovt$/210,)-+&pFpv)v)Fpv!C|~N2FIJ2*ﬁ.0,)F6<?v~x,)-'G 8M}!
•  Zg'^ZO] bgZgVVZOV ! 5F,=/2FE 0,)-+&pFpv)v)Fpv4,=.0/,=<"*ﬁNg;-'/a;)-' -x~;=N2FG<?&,)-z
(F,=/2FE$/21 v=N$,)F ;=N2F¬(F,=/2FEm$'101m,)Fpvv^v=$'&pF¬¯%<";=N ;=N2F G<?&,)-z (F,=/2FE !C|~N2Fpv)F
0,)-+&pFpv)v)Fpv6&$/aDFo1m+/$G<?&$E"E"dE?-$'10Fp1$/21a,)FGo-ﬃ>Fp11m.0,=<"/0*:v=+v);)FGF "Oz
Fp&.0;=<?-'/$/21 0,)-ﬃ>O<?10Fy$:¯~$p ;)-dF "m;)F/21 ;=N2Ffx.0/2&;=<?-'/$E"<";³-xR;=N2F(F,=/2FE
¯%<";=N2-'.0; <"/2&,)F$'v=<"/0* <";)v v=<"¡F6$/21@&p-'G0E?F "m<";}!
• YVZO_ bZgVVﬃZgV ! O+v);)FG 0,)-O&pFpv)vFpv,=.0/ <"/ ;=N2F/2F "+;Ei$F,! |~N2F
.2v)Fw;=N2Fw.2v)F, $'101m,)Fpv)v%v=$'&pF mD0.0; $,)F6$E"E?-¯Fp1;)-v)F/21fGoFpv)v$*Fpv~;)- (F,=/2FE
0,)-+&pFpv)v)Fpvt$/21G$(F6&$E"E?vt;)-;=N2F5G<?&,)-z (F,=/2FE !
• VZg bZgVVﬃZgV ! Rv)F,0,)-O&pFpv)vFpv,=.0/<"/;=N2Fy;)-'Ei$pF,!¤|~N2F v=N$,)F
$'101m,)Fpv)vRv=$'&pF6¯%<";=N:v=+v);)FG 0,)-O&pFpvv)Fpv!|~N2Fpv)F50,)-+&pFpv)v)Fpv ,=.0/:-'/y;)-'y-x $
v=Fp&<{J&v=.0D2v)+v=;)FG&C$/21 $E"E¬v)F,=>+<?&pFpv;=N2Fd,)Fpug.0<",)F <?v40,)-ﬃ>O<?10Fp1 >+<i$;=N$;
v=.0D2v=mv=;)FG@!
°&p-'E"E?Fp&;=<?-'/ -x6(F,=/2FE5$/21\v=mv=;)FGS0,)-O&pFpv)vFpv&$/ ¯¬-',=( ;)-'*F;=N2F,;)-dx£-',=G¥$
v=.0D2v=mv=;)FG@! ¬N2-',=.2v~Omv=;)FGpv¬.2v)Fp1;)-60,)-ﬃ>O<?10FR;}¯-v).0D2v=+v);)FGov g9n<  +$ wRª
v=.0D2v=mv=;)FG&2$/21y%Q5Qw´ ¨$/n-'D Fp&; -',=<?F/O;)Fp1yv=.0D2v=mv=;)FG@!
stF$E{z ;=<"GoF%0,)-+&pFpv)v)Fpv ,=.0/ $'v v=mv=;)FG 0,)-+&pFpv)v)Fpv g<"/-',)10F,Cx£-', ;=N2FG ;)-5DFt$D0E?F
;)-G$(FIx.0E"E.2vF6-xb;=N2FIG<?&,)-z (F,=/2FEb¯%<";=N2-'.0; <"/O;)F,=>F/g;=<?-'/-',t->F,=N2F$'1!
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     '  ﬁﬃ&      /& $6 2 $ ﬂ3' #/&
|~N2FG<?&,)-z (F,=/2FE¬0,)-ﬃ>O<?10Fpv$/21aG$/$*Fpv v=< "(F$D2v=;=,$'&;=<?-'/2v4;=N$;;)-'*F;=N2F,
x£-',=G ;=N2F%D$'v=<?v x`-',~¬N2-',=.2vkQ5!g|~N2Fpv)Ft&p-'/2&pF0;)v$,)F%0,)-+&pFpv)v)Fpv;=N0,)F$'10v g,)F*ﬁ<?-'/2v 
GoFpv)vk$*Fpv m-',=;)v$/21.0/0<?ug.2F6<?10F/g;=<{JF,)v!
• V !6BC,)-+&pFpv)v)Fpv5$,)F ,)FKx`F,=,)Fp1;)-$'v6$'&;)-',)v!5|~N2F$,)F Fpvv)F/g;=<i$E"E"n;=N2F
v$GoF$'vI0,)-+&pFpv)v)Fpv5<"/a-';=N2F,4-'F,$;=<"/0*yv=mv=;)FGov'&^&p-'/g;$<"/2F,)v4;=N$;4F/2&$mz
v=.0Ei$;)F5,)Fpv)-'.0,)&pFpv!
• j'ﬀZgc0bV !:° 0,)-O&pFpvv&$/ N$p>F-'/2Ff-',4Go-',)Ff;=N0,)F$'10v!:¢ $'&)N ;=N0,)F$'1<?v
v=<"G<"Ei$, ;)-6$I0,)-+&pFpv)vC<"/;=N$; <"; N$'vC<";)v¬-¯%/v=;$'&(ﬃOv=;$'&)(-'<"/g;)F, O0,)-'*ﬁ,$G
&p-'.0/g;)F, g$/21,)F*ﬁ<?v=;)F,)v!bR-ﬃ¯¬F>F, g$E"E+;=N0,)F$'10vb<"/$t0,)-+&pFpv)v^v)N$,)F ;=N2Fv$GoF
$'101m,)Fpv)vtv=$'&pF ¨$/21v)-'GoF6-';=N2F, ,)Fpv)-'.0,)&pFpvﬃ!
• efZ ﬂ¨^V !° &p-'/2v)Fp&.0;=<">F ,$/0*F -xR$'101m,)Fpv)vFpv6<?v &$E"E?Fp1 $@,)F*ﬁ<?-'/Y!@¢ $'&)N
,)F*ﬁ<?-'/<?v$'v)v-O&<i$;)Fp1f¯%<";=Nv)-'GoFR0<?Fp&pFw-xb12$;$ +v).2&)N@$'v%$60,)-'*ﬁ,$G -',¬J2E?Fﬁ!
stF*ﬁ<?-'/2v 0Ei$@$ G$  -', ,)-'E?FI<"/yGoFGo-',=fG$/$*FGoF/O;R<"/n¬N2-',=.2vKQ5!
• [ ZgVﬃVc ZOV !|~N2FD$'v)<?&&p-'GG4.0/0<?&$;=<?-'/$,$'1m<"*ﬁG	<?v4¬N2-',=.2vKQ5n<?vIGoFpv z
v$*FC$'v)v=<"/0*2!^°;=N0,)F$'14&$/4&p-'GG4.0/0<?&$;)F¬;)- $/g5-';=N2F,Y;=N0,)F$'15DOI$'v)v=<"/0*
$GoFpv)v$*FI;)-<";!
• ©wV !9:Fpv)v$*Fpv $,)F~/2-'; $'101m,)Fpv)v)Fp1;)-6$w;=N0,)F$'1'gD0.0;C;)-6$/<"/g;)F,=GoFp1m<i$;)F
v=;=,=.2&;=.0,)Ft&$E"E?Fp1$5-',=;!°-',=; <?v¬$ID0.F, x`-', <"/2&p-'G<"/0*GoFpv)v$*Fpv!b¢ $'&N
-',=;DFE?-'/0*v;)- $;=N0,)F$'1! B^-',=;)v@&$/¤DFy*ﬁ,)-'.0Fp1¤;)-x`-',=G F "m;)F/210Fp1
&p-'GG4.0/0<?&$;=<?-'/:x£$'&<"E"<";=<?Fpvﬃ!
• @bﬂ YﬀZﬂbZOﬃﬂ ZgV !|~N2FEi$'v=; (F,=/2FE $D2v=;=,$'&;=<?-'/ ,)FEi$;)Fpv ;)-:/$G<"/0*2!
9n-ﬁv=;~(F,=/2FEY,)Fpv-'.0,)&pFpv $,)FI/$GoFp1Dg$M'z D0<";%.0/0<?ug.2FI<?10F/O;=<{JF,!QR/2&pF6$
.0/0<?ug.2F4<?10F/g;=<{JF,w<?vR$'v)v=<"*ﬁ/2Fp1y;)-$,)Fpv-'.0,)&pF6<"; <?vt*ﬁ.$,$/g;)FpFp1:/2F>F,t;)-DF
,)F.2v)Fp1x£-',t$/2-';=N2F,t,)Fpv)-'.0,)&pFﬁ!
|~N0,)FpF6-';=N2F,w$D2v=;=,$'&;=<?-'/2vR$,)F5.2vFp1Dg@¬N2-',=.2vkQ5ﬃ2¯%N0<?&Nn$,)F =-'<"/g;=E"fG$/$*Fp1
DOf;=N2F6G<?&,)-z (F,=/2FE$/21@v).0D2v=+v);)FGov! |~N2F@$,)F   4  ﬀ ﬀﬀﬁ¨¯%N0<?&)Ny<?vR$/$GoF
x£-', $4,)Fpv-'.0,)&pFI/2-',=G$E"E" G$/$*Fp1DO$ v=.0D2v=mv=;)FG& 4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<"/yGoFGo-',=fG$/$*FGoF/O;!
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|~N2F¬N2-',=.2vkQ5yG<?&,)-z (F,=/2FE &p-'/2v=<?v=;)vw-xCx`-'.0,w0<?Fp&pFpv $'vIv=N2-¯%/:<"/ﬀ%b<"*ﬁ.0,)Fm!87m!
|~N2F@$,)F-,
• Y  ZgﬀﬂV !^|~N2Fwv=.0F,=>O<?v-', <?v~$; ;=N2FRD-';=;)-'G&m&E?-ﬁv)Fpv=;¬;)-4;=N2FRN$,)1m¯$,)F
$/21a;=Ng.2vG$'&)N0<"/2F10FF/210F/g;!ª³;4G$/$*Fpv,$p¯ N$,)1m¯$,)F$/21&$;)&N2Fpv
;=,$2v F "0&pF0;=<?-'/2v 0<"/O;)F,=,=.00;)v $/21y-';=N2F,tN$,)1m¯$,)F10F;$<"E?v ¨$/21@N$/21mE?Fpv
&p-'/g;)F "m;Rv=¯%<";)&N0<"/0*2!
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 MOr
Managing
paging
Catches traps,
interrupts, and
exceptions
Handles processes,
threads and scheduling
Machine dependent
porion of the virtual
memory manager
Virtual memory
(portable)
Real−time executive
(portable)
Interprocess communication
manager (portable)
Supervisor (machine dependent)
Responsible for ports and messages
%b<"*ﬁ.0,)F4m!87 , O;=,=.2&;=.0,)F-xb;=N2F¬N2-',=.2vKQ5f(F,=/2FE$'&p&p-',)1m<"/0*;)-ﬁ8M!}!
• ﬃﬂﬃﬀc2]5_ZO_ _ac2^c Zg !|~N2Fo>O<",=;=.$E GoFGo-',=dG$/$*F,N$/21mE?Fpv
;=N2FE?-¯ E?F>FEC$,=;6-x¬;=N2F$*ﬁ<"/0*@v=+v);)FG@!49:-ﬁv=;5-x¬;=N2F>+<",=;=.$ECGoFGo-',=
G$/$*F,t<?v~G$'&N0<"/2F6<"/210FF/210F/g;!
• e ZOc2]ih)ﬃﬂ_ZZ ﬁYZggﬀﬃﬂW¨Z !^|~N2F¬,)F$E{z ;=<"GoF~F "mFp&.0;=<">F¬<?vﬀ,)Fpv)-'/2v=<"D0E?F x`-',bG$/mz
$*ﬁ<"/0*w0,)-O&pFpv)vFpv ﬃ;=N0,)F$'10v'$/21 v)&N2Fp1m.0E"<"/0*2!bª³;b$E?v-%;$(Fpv&$,)F -x¨$,=,$/0*ﬁ<"/0*
x£-',v=+/2&)N0,)-'/0<"¡ﬃ$;=<?-'/yDF;³¯¬FpF/;=N0,)F$'10v%-xYx£-',¬G.0;=.$EYF "m&E".2v)<?-'/$/21-';=N2F,
0.0,=-ﬁv)Fpv!
• pZgﬃh ^ZgVﬃV:g¨__b^ﬂcmﬃﬂ _ac2^c ZO !|~N2F <"/g;)F, z 0,)-+&pFpv)vo&p-'Gz
G4.0/0<?&$;=<?-'/²G$/$*F,aN$/21mE?Fpvd.0/0<?uO.2F <?10F/g;=<{JF,)v -',=;)va$/21GoFpv)v$*F
$'v)v=<"/0*2! ª};%,)FE"<?FpvR-'/@;=N2F5,)F$E{z ;=<"GoF4F "0Fp&.0;=<">F4$/21>+<",=;=.$EYGoFGo-',=G$/mz
$*F,!
°%&p&p-',)1m<"/0*;)-¬N2-',=.2vKQ5o10-+&.0GoF/g;$;=<?-'/ m;=N2F x`-'.0, $,=;)v-x;=N2F (F,=/2FE$,)Ft&p-'/mz
v=;=,=.2&;)Fp1\;)-DFnGo-+1m.0Ei$,  v)-a;=N$;&)N$/0*Fpvf;)- -'/2Fn10-/2-';$ Fp&;$/g\-x6;=N2F
-';=N2F,)v!
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° 0,)-O&pFpv)v<"/¬N2-',=.2vkQ5d<?v$y&p-'E"E?Fp&;=<?-'/ -xI$'&;=<">Ff$/21$'v)v=<">FfFE?FGoF/g;)v;=N$;
¯¬-',=(d;)-'*F;=N2F, ;)-@F, x`-',=G v)-'GoF&p-'G0.0;$;=<?-'/Y!n|~N2F $'&;=<">FfFE?FGoF/g;)v$,)Fo;=N2F
;=N0,)F$'10v!|~N2F%$'v)v=<">F%FE?FGoF/O;)v$,)Ft$/$'101m,)Fpvv v=$'&pF $/21$6&p-'E"E?Fp&;=<?-'/-x-',=;)v!
|~N2F,)F$,)F5;=N0,)FpF1m<F,)F/O;t(+<"/210vt-xC0,)-O&pFpvv)Fpv! |~N2Fy$,)F4v=.0GG$,=<"¡Fp1y<"/n|^$D0E?F
m!" -,
•  Zg'^ZO] bZOVVZOV ! 5F,=/2FE¨0,)-+&pFpv)v)Fpv ,=.0/<"/(F,=/2FEGo-+10FR$/21 $E"Ev=N$,)F
;=N2Ffv$GoF $'101m,)Fpv)v v=$'&pF ¯%<";=NF$'&N -';=N2F,$/21a;=N2F G<?&,)-z (F,=/2FE !:|~N2F
&$/dDFE?-$'10Fp1$/21.0/0E?-$'10Fp11m.0,=<"/0*@F "0Fp&.0;=<?-'/ ﬀD0.0;6-';=N2F,4;=N$;6&$/aDF
;=N2-'.0*ﬁNg;w-xC$'vtF "+;)F/2v=<?-'/2v ;)-;=N2F5G<?&,)-z (F,=/2FE !
• YVZO_ bZOVV !¤¢ $'&N¤v)+v=;)FG 0,)-O&pFpv)v N$'vo<";)vf-¯%/ $'101m,)Fpv)vfv=$'&pFﬁ!
|~N2Fn$,)F.0/00,=<">O<"E?F*Fp1'¯%N0<?&NGoF$/2vR;=N$;w;=N2Fy&$/0/2-';IF "mFp&.0;)F ª=«ﬁQ -',
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wv)F, R/g;=,=.2v);)Fp1 t/00,=<">+<"E?F*Fp1 wv)F, Rv)F,
O+v=;)FG |Y,=.2v=;)Fp1 t/00,=<">+<"E?F*Fp1 wv)F, 5F,=/2FE
5F,=/2FE |Y,=.2v=;)Fp1 B ,=<">O<"E?F*Fp1 5F,=/2FE 5F,=/2FE
|b$D0E?F4m!" -, |~N2F5;=N0,)FpF6(O<"/210v -x0,)-+&pFpv)v)Fpv%<"/n¬N2-',=.2vkQ5$8ﬁA
-';=N2F,w0,)-';)Fp&;)Fp1n<"/2v=;=,=.2&;=<?-'/2v!ww-¯¬F>F, ;=N2Fy$,)F;=,=.2v=;)Fp1nDg;=N2F(F,=/2FE
;)-G$(F5(F,=/2FEﬀ&$E"E?v!
• VﬃZg ^ZgVﬃVZgV ! wv)F,C0,)-+&pFpv)v)Fpv $,)Ft.0/g;=,=.2v=;)Fp1f$/21.0/00,=<">O<"E?F*Fp1! |~N0<?v
GoF$/2v;=N$; ;=N2F &$/0/2-';fF, x`-',=G ª=«ﬁQ -', (F,=/2FER&$E"E?v1m<",)Fp&;=E"! |~N2F
G4.2v=; *F;t;=N2Fpv)F6v)F,=>+<?&pFpv%>+<i$ ;=N2F<", ,)Fpv=Fp&;=<">F6v=.0D2v=mv=;)FG@!
¢ >F,=$'&;=<">F60,)-O&pFpv)v <"/n¬N2-',=.2vkQ5N$'v -'/2F5-',tGo-',)F5;=N0,)F$'10v%;=N$;tF "0Fp&.0;)F
&p-+10Fﬁ!¢ $'&)Nf;=N0,)F$'1oN$'vC<";)v¬-¯%/ 0,=<">'$;)FR&p-'/g;)F "m; g¯%N0<?&N<?v v$>Fp1o¯%N2F/$I;=N0,)F$'1
D0E?-+&)(mv6$/21,)Fpv=;)-',)Fp1$*g$<"/d¯%N2F/d<";I,)Fpv=.0GoFpv6F "0Fp&.0;=<?-'/Y!° ;=N0,)F$'1DFE?-'/0*v5;)-
-'/2FIv=Fp&<{J&t0,)-+&pFpv)v¬x£-',¬<";)vF/g;=<",)FIE"<{x£FR&m&E?Fﬁ! ¬N2-',=.2vkQ5 10FKJ2/2Fpvx£-'.0,F "0Fp&.0;=<?-'/
v=;$;)Fpv%x`-',%;=N0,)F$'10v ,
•  §j4 ﬃ   !2°±;=N0,)F$'1@<"/;=N2F 
   v=;$;)FI<?v%F<";=N2F,t&.0,=,)F/O;=E",=.0/0/0<"/0*
-',w$p¯~$<";=<"/0*<";)v ;=.0,=/nx`-',w$x`,)FpF B	 !ª³/yD-';=Nn&$'v)Fpvt<";t<?vt.0/gD0E?-+&)(Fp1d$/21
,)F$'1mf;)-o,=.0/Y!
•  :©    U   U ! N2F/o$R;=N0,)F$'1 <?v<"/;=N2F  	   ﬃ	 ﬃ v=;$;)F<";^GoF$/2v
;=N$; <"; N$'v%DFpF/@v=.2v=F/210Fp1Dgf<";)v)FE{xC-',R$/2-';=N2F, ;=N0,)F$'1
• Yj©6©   U !° ;=N0,)F$'1a<?v50.0;5;=N2F  
   ﬃ	v=;$;)F¯%N2F/a;=N2F-¯%/0<"/0*
0,)-O&pFpv)v <?v v=.2v=F/210Fp1!
•   pj6   !°R/21:¯%N2F/a$o;=N0,)F$'1F, x`-',=Gov5$D0E?-O&(O<"/0*-'F,$;=<?-'/ <";w<?v
0.0; <"/@;=N2F     v);$;)F5.0/g;=<"EY;=N2F4-'F,$;=<?-'/J2/0<?v)N2Fpv!
|~N2Fov)O/2&N0,)-'/0<"¡ﬃ$;=<?-'/GoFp&N$/0<?v=Gov40,)-ﬃ>O<?10Fp1ax`-',4;=N0,)F$'10v$,)Fov)FG$0N2-',)Fpv $/21
G.0;)F "mFpv! -'GG4.0/0<?&$;=<?-'/aDF;}¯FpF/a;=N0,)F$'10vI<?vw.2v=.$E"E"y10-'/2F Dgn$'v)v=<"/0*GoFpv z
v$*FpvRD0.0;y;}¯¬-;=N0,)F$'10v@<"/ ;=N2Fav$GoF0,)-+&pFpv)v@&$/ $E?v)- &p-'GG4.0/0<?&$;)F.2v=<"/0*
v=N$,)Fp1@GoFGo-',=!
B ±v)&)N2Fp1m.0E"<"/0*<?v10-'/2Ft.2v)<"/0*0,=<?-',=<";=<?Fpv~-'/f$4F, z ;=N0,)F$'1D$'v=<?vﬃ!b¢¬$'&)N0,)-z
&pFpv)vN$'v $40,=<?-',=<";}$/21F$'&)N;=N0,)F$'1N$'v%$4,)FEi$;=<">FI0,=<?-',=<";³¯%<";=N0<"/<";)v0,)-+&pFpv)v!
|~N2F(F,=/2FE^(FpF2vw;=,$'&(y-x ;=N2F60,=<?-',=<";³n-x F$'&)N:;=N0,)F$'1:<"/n°t|%ª*w¢¤v=;$;)F $/21
,=.0/2vb;=N2F-'/2F¬¯%<";=N ;=N2FN0<"*ﬁN2Fpv=;b0,=<?-',=<";}!Cª}x2;=N2F,)F$,)FGo-',)F¬;=N$/-'/2F¬;=N0,)F$'1 ¯%<";=N
;=N2F5v$GoF60,=<?-',=<";}0;=N2FF$'&)N@*F;%;)-o,=.0/x`-',t$ *ﬁ<">F/;=<"GoF5F,=<?-+1'2$ ;=<"GoFKz}v=E"<?&pF 
$x`;)F,5¯%N0<?&)NaG.2v=;4v=.0,=,)F/210F,4;=N2FB	²;)-@$/2-';=N2F,4;=N0,)F$'1!|~N0<?v5<?v6&p-'/2v=<?v=;)F/O;
¯%<";=N@;=N2F4st-'.0/21st-'D0<"/nv)&)N2Fp1m.0E"<"/0*$E"*-',=<";=N0G 10Fpv)&,=<"DFp1<"/:+Fp&;=<?-'/nPm!87m!
|^-$'&p&p-'GGo-O12$;)F:x£-',f,)F$E{z ;=<"GoFa$00E"<?&$;=<?-'/2v 5$/ $'101m<";=<?-'/$EIx£F$;=.0,)F:N$'v
DFpF/±$'1010Fp1;)- ;=N2Fv)&N2Fp1m.0E"<"/0*\$E"*-',=<";=N0G@!²°31m<?v);=<"/2&;=<?-'/ <?vG$'10F:DF;}¯FpF/
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priority
real−time processes
high−priority
Available for
medium−priority
Available for
real−time processes
Lowest
priority
UNIX
subsystem
64 681 128 255
UNIX user processes (time sliced)
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;=N0,)F$'10v¯%N2-ﬁvF0,=<?-',=<";³<?v$D-ﬃ>F$y&pF,=;$<"/ E?F>FE $/21;=N0,)F$'10v¯%N2-ﬁv)F 0,=<?-',=<";}
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sb|^°Rª+<?v%DF<"/0*o10F>FE?-'Fp1@$; HIF$,=;=GoF/g;w-x°%F,)-ﬁv)$'&pF5¢C/0*ﬁ<"/2FpF,=<"/0* Bb-'E"<";)Fp&Kz
/0<?&p-10Fa9n<"Ei$/2- `HIª³°wB 9 K!F/g;=,)-'0< "±<?v:$ I D$'vFp1±&p-'G$/g ;=N$;y- F,)v
&p-'GGoF,)&<i$E4v=.00-',=;x`-',,)F$E{z ;=<"GoFa´<"/O.#"!F/O;=,)-'0< "  vnv)-'E".0;=<?-'/2vy$,)FD$'v)Fp1
-'/@sb|^°Rª$/21;=N2F@$E?v)-&p-'/O;=,=<"D0.0;)F6;)-;=N2F610F>FE?-'0GoF/O;R-xCs|ﬀ°wªk!
|~N2F¯¬-',=(a-'/sb|^°RªIv=;$,=;)Fp1a<"/\ ﬁﬁm! |~N2FoJ2,)v=;6>F,)v=<?-'/¯$'vD$'v)Fp1a-'/$/
F$,=E">F,)v=<?-'/ -xs|%´<"/g.#"  +Fp&;=<?-'/ r K!ª}/ ﬁﬁ  t;=N2F:´<"/O.#" (F,=/2FEI>F,)v=<?-'/
7m!87@¯~$'v,)FE?F$'vFp1!n|~N2F /2F¯ (F,=/2FE~<"/O;=,)-O1m.2&pFp1 $@&E?F$/2F,o$/21Go-',)F x`F$;=.0,)Fp1
<"/g;)F, x $'&pF@;)-d;=N2F(F,=/2FE 87ﬁ %$/21s|ﬀ°wª¯~$'vo,)F¯%,=<";=;)F/\x`-',o;=N2F@/2F¯ (F,=/2FE?v!
|~N2F4Go-';=<">ﬁ$;=<?-'/;)-0,)-+&pFpFp1y¯%<";=N10F>FE?-'0GoF/g;-x sb|^°Rª ¯$'vw0,)->+<?10Fp1:Dg@;=N2F
FGoF,=*F/2&pFa-x$00E"<?&$;=<?-'/2vy,)Fpug.0<",=<"/0* F,=<?-O1m<?&dv&)N2Fp1m.0E?F,)v Iv)FG$0N2-',)Fpv 5$/21
GoFpv)v$*Fpvw<"/d&p-'G4D0<"/$;=<?-'/a¯%<";=NaF/0N$/2&pFp1d-'/2FKz}v=N2-';5;=<"GoF,6$/21 %bE?-$;=<"/0*@B^-'<"/O;
t/0<";  %B	 v=.00-',=; ¯%N0<?&)N\$;;=N$; ;=<"GoFf¯¬F,)F/2-';v=.00-',=;)Fp1DOs|%´<"/g.#"
87ﬁ}!°wvo$:,)Fpv=.0E";-xw;=N0<?v-'/mz *-'<"/0*¯¬-',=(  s|ﬀ°wª4/2-ﬃ¯ v=.00-',=;)vo´<"/g.#" (F,=/2FE
7m!87-'/:D-';=Nav=<"/0*ﬁE?F0,)-+&pFpv)v)-',5v=mv=;)FGov  wB I$/21OOGGoF;=,=<?&9y.0E";=<"0,)-+&pFpv)v=<"/0*
 +9nB 5v=+v);)FGovID$'v)Fp1a-'/aF<";=N2F,4ª³/g;)FE Mg ﬁ@-',6B^F/O;=<".0G &Ei$'v)v B	  vﬃ!os|ﬀ°wª  v
$,)&)N0<";)Fp&;=.0,)Fw0,)->+<?10Fpv *ﬁ.$,$/O;)FpFp1'+N$,)1,)F$E{z ;=<"GoFwv)&)N2Fp1m.0E"<"/0*-xYv)FE?Fp&;)Fp1o;$'v)(+v
-'/y$v=mv=;)FG ¯%N0<?&)Ny,)F;$<"/2vw$E"E;=N2FIx£F$;=.0,)FpvR$/21v)F,=>+<?&pFpv -xCv=;$/212$,)1y´<"/O.#"!
|~N2F6s|ﬀ°wª~10F>FE?-'F,)vt<"/0<";=<i$Eﬀ<"/g>-'E">FGoF/O;I¯%<";=Nys|%´<"/g.#"@N$'vtG$'10F6s|ﬀ°wª
$4v)-'E".0;=<?-'/f;=N$;~N$'v G$/O v=<"G<"Ei$,=<";=<?Fpv~¯%<";=Ns|%´<"/g.#"! ´<"(FIs|%´<"/O.#" 0s|ﬀ°wªC<?v
D$'v)Fp1 -'/$10Fpv=<"*ﬁ/ ¯%N2F,)FI$v=G$E"E¨,)F$E{z ;=<"GoFIF "0Fp&.0;=<">Fw<?v¬E?-$'10Fp1 <"/g;)- ;=N2Fw´<"/g.#"
(F,=/2FEﬀ$/21d´<"/g.#"d<?v5v)&N2Fp1m.0E?Fp1$'vI;=N2FE?-¯Fpv=;60,=<?-',=<";³:;$'v)(yDgn;=N0<?v5,)F$E{z ;=<"GoF
F "mFp&.0;=<">Fﬁ!
|~N2Fx`.0/212$GoF/g;$E~1m<F,)F/2&pFDF;³¯¬FpF/ sb|^°Rª5$/21as|%´<"/O.#"a<?v6,)-+-';)Fp1d<"/$
1m<F,)F/O;w$;=;=<";=.210F6;)-ﬃ¯$,)1@x`F$;=.0,)Fpv!¬|~N2F4s|%´<"/O.#"y10F>FE?-'F,)vRFG0N$'v=<"¡F6;=N$;
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LINUX
PROCESSES
HW Management
Scheduler IPC
IPC Scheduler
Interrupt Dispatcher
PeripheralsProcessor
RTAI
HARDWARE
INTERRUPTS
LINUX
RT TASKS
%b<"*ﬁ.0,)F4m! M , |~N2F5s|ﬀ°wª%$,)&)N0<";)Fp&;=.0,)Fﬁ!
;=N2Fx£FpFE<"; v<"G-',=;$/g;~;)-6(FpFf;=N2Fwv=+v);)FG $'v~v=G$E"E$'v¬-ﬁv)v=<"D0E?F 8A g¯%N0<"E?FR;=N2F
s|ﬀ°wª10F>FE?-'F,)vw$,)F6&E?F$,=E"@$'101m<"/0*x`F$;=.0,)Fpvw$;t$ x $'v=;)F,%$'&pFﬁ!
    /ﬂ0$6 $ ﬁ  
%b<"*ﬁ.0,)FIm! M4<"E"E".2v=;=,$;)Fpv¬;=N2FR$,)&N0<";)Fp&;=.0,)Fw-xYs|ﬀ°wªK!g|~N2F%J2*ﬁ.0,)Fwv=N2-ﬃ¯ v$4v=<"G0E"<{JFp1
>+<?F¯ -x¬N2-¯ s|^°Rªt,)FEi$;)Fpv5;)-f;=N2F´<"/g.#"(F,=/2FE !4´<"(Fs|%´<"/O.#" ^s|ﬀ°wª <?vw<"Gz
0E?FGoF/O;)Fp1$'v5´<"/O.#":(F,=/2FE E?-$'12$D0E?FoGo-O1m.0E?Fpv! |~N2Fo$,)&)N0<";)Fp&;=.0,)F<?vID$'v)Fp1d-'/
;³¯¬-&p-'/2&pF0;)v ,
• |~N2FII$,)1m¯$,)F5°RD2v=;=,$'&;=<?-'/´ﬀ$pF,ﬂ`w°w´  <?v¬D$'v)<?&$E"E";=N2FwGo-O1m<{J&$;=<?-'/2v
;=N$;¬G.2v=;¬DFt10-'/2FR;)-6;=N2FR´<"/g.#"f(F,=/2FE¨<"/f-',)10F, x£-', <";¬;)-4v=.00-',=;~sb|^°RªK!
|~N2F6R°w´d0,)-ﬃ>O<?10Fpvt$x`,$GoF¯¬-',=(;)-F "m;)F/21;=N2F5(F,=/2FE?v &$$D0<"E"<";=<?Fpvw$/21
F/$D0E?Fpv$/$,=,$p-x¬-';)F/g;=<i$E~Q5:F/0N$/2&pFGoF/g;)v!o|~N0<?v4&p-'/2&pF0;6<?v6$E?v)-
(O/2-ﬃ¯%/;)-DFR.2v)Fp1f<"/  <"/210-¯ v w| 8Am %}!Cª};<?v<"G0E?FGoF/g;)Fp1DOf$00E"+<"/0*
$v=G$E"EY(F,=/2FE^$;)&)N £$D-'.0;Ir'E"<"/2Fpvt-xC&p-O10F;)-o;=N2F6´<"/g.#"@(F,=/2FE$/21
<"G-ﬁv)FpvR$/2F*ﬁE"<"*ﬁ<"D0E?F6<"G$'&;t-'/;=N2F6(F,=/2FE  v F, x`-',=G$/2&pF 87ﬁ!}!
• |~N2FnR°w´±0,)-ﬃ>O<?10Fpv ;=N2F/2Fp&pFpv)vk$,= v).00-',=;o<"/\;=N2Fy´<"/O.#"(F,=/2FEt;)-dDF
$D0E?F4;)-E?-$'1y;=N2F6;=N0,)FpF &p-',)F6E?-$'12$D0E?FGo-O1m.0E?Fpvt;=N$;RG$(F4.0y;=N2Fsb|^°RªK!
|~N2F@;=N0,)FpF@&p-',)FyE?-$'12$D0E?F@Go-+1m.0E?Fpv $,)F;=N2F@s|^°Rª Go-+1m.0E?F 
	 ¬;=N2F
v)&)N2Fp1m.0E?F, Go-O1m.0E?F 	 ¬$/21;=N2FGo-O1m.0E?F¯%N0<?&N<"G0E?FGoF/g;)v
stF$E{z}|~<"GoF%ª %^Q `s|z %ª %^Q ­v ﬀﬁ
ﬂ
	O!
|~N2F5,)F$E{z ;=<"GoF4;$'v=(mv $,)F4$E?v)-<"G0E?FGoF/g;)Fp1$'v ´<"/O.#"(F,=/2FEYGo-O1m.0E?Fpv$/21&$/
DF1mO/$G<?&$E"E" E?-$'10Fp1 <"/O;)-$/21 ,)FGo->Fp1 x,)-'G ;=N2F(F,=/2FE%$x`;)F,;=N2Fsb|^°Rª
          Pm 
&p-',)F5Go-O1m.0E?Fpv N$p>F5DFpF/@E?-$'10Fp1!
|~N2FFE?FGoF/O;)v5-x s|ﬀ°wª $'vRvFpF/n<"/ %b<"*ﬁ.0,)F m! M $,)F10Fpv&,=<"DFp1:D0,=<?F 2@N2F,)Fﬁ!
|~N2F /2F "m;v)Fp&;=<?-'/ <"/2&E".210Fpvo$nGo-',)F&p-'G0E?F;)F1m<?v)&.2v)v=<?-'/ -xRs|ﬀ°wª4v&)N2Fp1m.0E"<"/0*
$/21<"/g;)F,t0,)-+&pFpv)v &p-'GG.0/0<?&$;=<?-'/ ,
• pZg ﬀ6ﬂV bcm ^Zg !|~N2F <"/g;)F,=,=.00;%1m<?v=$;)&N2F,¬<?v&$E"E?Fp1o¯%N2F/fN$,)1+z
¯$,)FI<"/O;)F,=,=.00;)v -+&p&.0,!C|~N2Fw1m<?v)$;)&)N2F,%N$/21mE?Fpv%;=N2Fw<"/g;)F,=,=.00; &p-'/O;=,)-'E"E?F,
$/21;$(Fpv¬&$,)F -x-ﬁv)v)<"D0E?F~F/21m<"/0*<"/g;)F,=,=.00;)v-', v)F,=>+<?&pF%,)Fpug.2Fpv);)v!ª}; $'&Kz
;=<">ﬁ$;)FpvR;=N2F ,=<"*ﬁNO;5N$/21mE?F,I10FF/21m<"/0*@-'/¯%N2F,)F ;=N2F<"/O;)F,=,=.00;6-',=<"*ﬁ<"/$;)Fpv
x`,)-'G , s|ﬀ°wª 0´<"/O.#" -', D-';=NY!
• ^Zg^]Zg !|~N2Fv)&)N2Fp1m.0E?F,<?vf<"/ &)N$,=*Fd-x41m<?v=;=,=<"D0.0;=<"/0* ;=N2FaB	 `v 
;)-1m<F,)F/g;4;$'v)(+vI0,)Fpv)F/O;4<"/d;=N2Fov)+v=;)FG&Y<"/2&E".21m<"/0*n´<"/O.#"! +&N2Fp1m.0E"<"/0*
-+&p&.0,)vI¯%N2F/a&pF,=;$<"/av=+v);)FG&$E"E?v4$,)F G$'10F ﬀ$/21d-'/;=<"GoF,5N$/21mE?F,4$'&Kz
;=<">ﬁ$;=<?-'/ 8Am }!
• ©§ !mª³B¬<?v0,)-ﬃ>O<?10Fp1DO&%ª %^Qwv~;=N$;t$E"E?-¯±´Y<"/g.#"0,)-O&pFpvv)Fpv $/21sb|^°Rª
;$'v=(mv~;)-oF "0&)N$/0*F6DOO;)FKz}-',=<?F/O;)Fp1n12$;$ov=;=,)F$Gov!
      '   & & + 2# 2 *ﬀ!"ﬀ#%$ 2#/1    ﬀ1/ﬁﬃ.ﬂ # 
sb|^°Rª  v;$'v=( v)&)N2Fp1m.0E?F,$E"E?-¯ vyN$,)1 ,)F$E{z ;=<"GoF wx.0E"E" 0,)FpFG0;=<">Fv&)N2Fp1m.0E"<"/0*
D$'v)Fp1 -'/ $J "mFp1¤0,=<?-',=<";³ v)&)N2FGoFﬁ! s|ﬀ°wªfv=.00-',=;)vy-'/2FKz}v=N2-';n$/21¤F,=<?-O1m<?&
;=<"GoF,)v $E";=N2-'.0*ﬁN@/2-';tv)<"G4.0E";$/2Fp-'.2v=E"!
• |~N2F/4 ﬀ
 ﬀ v)&)N2Fp1m.0E?F, <?vC&$E"E?Fp1o$;,)F*ﬁ.0Ei$,C0,)Fp10FKJ2/2Fp1<"/O;)F,=>'$E?vﬃ!bª³;E?-O-'(mv
x£-',ﬀ,)F$'1m6;$'v=(mvﬀ-',b;$'v=(mvﬀ¯%<";=NF "m0<",)Fp14F,=<?-O1'ﬁ$/21 FE?Fp&;)vﬀ;=N2F-'/2F¬¯%<";=N;=N2F
N0<"*ﬁN2Fpv=;I0,=<?-',=<";};)-f,=.0/Y!4°²v)&)N2Fp1m.0E?Fp1d;$'v)(@,=.0/2vI.0/g;=<"E $ N0<"*ﬁN2F,50,=<?-',=<";}
;$'v=(6<?vCFE?Fp&;)Fp1'g;=N2F;$'v=(+vb;)F,=G<"/$;)Fpv O-',;=N2F¬;$'v)(&$E"E?v $RD0E?-O&(O<"/0*6v)+v=;)FG
x`.0/2&;=<?-'/Y!
• |~N2F 
ﬂ   ! 
  v)&N2Fp1m.0E?F,R<?vRv=<"G<"Ei$, F "m&pF0;R<"; vt10Fp&<?10Fp1nN2-¯ E?-'/0*f$;$'v)(
v=N2-'.0E?1f,=.0/DFKx`-',)Fw<";%v=;$,=;)v%F "0Fp&.0;=<"/0*2! ° ;=<"GoF,%<?v%v)F;¬x`-',~;=N$;%E?-'/0* 2$/21
;=N2F5;$'v=( ,=.0/2v .0/O;=<"EY;=N$; ;=<"GoF5<?v%.2vFp1!
s|ﬀ°wª  v6ª­B¬ 0,)-ﬃ>O<?10FpvGoF$/2v4-x 12$;$;=,$/2v=x`F,$/2112$;$v=N$,=<"/0*nDF;³¯¬FpF/
v=;$/212$,)1´<"/g.#"0,)-+&pFpv)v)Fpv $/21,)F$E{z ;=<"GoF%0,)-+&pFpv)v)Fpv,=.0/0/0<"/0*5¯%<";=N0<"/o;=N2F%v)+v=;)FG@!
|Y¯¬-o*F/2F,$Eﬀ;}+Fpv -xª­B¬ ,
• e ZOc2]ih)ﬃﬂ_Z^¨ZOc2]?h)ﬃﬂ`_Z !stF$E{z ;=<"GoFR;)-6/2-'/ ,)F$E{z ;=<"GoFR&p-'GG.0/0<?&Kz
$;=<?-'/@<?v 10-'/2F6.2v=<"/0*os|z %bª %^Qwvw$/21@v=N$,)Fp1GoFGo-',=!
• e ZOc2]ih)ﬃﬂ_Z ZOc2]ih)ﬃﬂ_Z !w|~N2F GoFp&)N$/0<?v=GovI0,)-ﬃ>O<?10Fp1nx£-',R,)F$E{z ;=<"GoF ;)-
,)F$E{z ;=<"GoF<"/2&E".210Fv)FG$0N2-',)Fpv  G4.0;)F "0Fpv CGoFpv)vk$*FfuO.2F.2Fpvo$/21 stFGo-';)F
BC,)-+&pFp1m.0,)F ~$E"E`sRB¬   v!
F/g;=,)-'0< "fN$'v¬&p-'/O;=,=<"D0.0;)Fp1¯%<";=N$B¬Q5+ª±->F,=Ei$p x£-',¬s|ﬀ°wª O¯%N0<?&)Nf<"G0E?FKz
GoF/g;)v ;=N2F5BQ5+ª N$,)1,)F$E{z ;=<"GoFF "+;)F/2v=<?-'/$87ﬁ!}!
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!ws| <?v$,)Fpv)F$,)&N\0,)- =Fp&;f$;o;=N2F t/0<">F,)v=<";³ -x!6$/2vk$'v ¬´^$p¯%,)F/2&pFﬁ!¤|~N2F
,)Fpv)F$,)&N2F,)v5;=N2F,)F$,=*ﬁ.2F;=N$;6$>ﬁ$,=<?F;}:-x /2F¯ $00E"<?&$;=<?-'/2v <"/2&E".21m<"/0*G.0E";=<{z
GoFp1m<i$n$00E"<?&$;=<?-'/2v4N$>Fo,)F$E{z ;=<"GoFo,)FpuO.0<",)FGoF/g;)v;=N$;4G$(Fo;=N2FGx $E"E v)-'GoFKz
¯%N2F,)F5DF;}¯FpF/n;=N2F6;}¯¬-;=,$'1m<";=<?-'/$Eﬀ,)F$E{z ;=<"GoF&$;)F*-',=<?Fpvt-xCv)-x;%,)F$E{z ;=<"GoF $/21
N$,)1+z ,)F$E;=<"GoFﬂ +Fp&;=<?-'/f7m!87K!C|~N2FpvFt$00E"<?&$;=<?-'/2v ;³O0<?&$E"E"N$>F%J2/2Ft;=N2F%*ﬁ,$<"/
;=<"G<"/0*,)FpuO.0<",)FGoF/g;)v;³O0<?&$E%-xtN$,)1 ,)F$E{z ;=<"GoFv=mv=;)FGov C$/21 ;=N2F vF,=>O<?&pF ,)FKz
uO.0<",)FGoF/g;)vR;}+0<?&$E"E"0,)->+<?10Fp1<"/yv)-x`;%,)F$E{z ;=<"GoF6v=mv=;)FGov!
#%$'v)Fp1-'/;=N2FpvF $,=*ﬁ.0GoF/g;)v ;=N2F <"/g;=,)-+1m.2&pFt$w/2F¯&$;)F*-',=g¯%N0<?&)N;=N2F &$E"E
 
 ,)F$E{z ;=<"GoFﬁ!6|~N2F !Rs| 0,)-  Fp&;I;=.0,=/2v5´<"/O.#"n<"/O;)-@$v=mv=;)FG;=N$;IN$/21mE?Fpv
J2,=G ,)F$E{z ;=<"GoF $/21v=;=<"E"EY0,)-ﬃ>O<?10Fpvw$E"E;=N2F6v)F,=>+<?&pFpv -xv);$/212$,)1@´<"/g.#"!
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|~N2F !ws| ´<"/g.#"y10Fpv)<"*ﬁ/Go-O10FEY<?v D$'v)Fp1@-'/;=N0,)FpF5(FFE?FGoF/g;)v ,
•  Zg'ﬀZ+] bcm  !IO<"/2&pF G$/OJ2,=G ,)F$E{z ;=<"GoFo$00E"<?&$;=<?-'/2vI/2FpFp1n;)- ;=,$'&)(
;=<"GoF$;w,)Fpv)-'E".0;=<?-'/2vIN0<"*ﬁN2F,w;=N$/;=N$;R0,)-ﬃ>O<?10Fp1DOyv=;$/212$,)1´<"/g.#"';=N2F
(F,=/2FE?v5;)FG-',$EC*ﬁ,$/O.0Ei$,=<";}dN$'1;)-fDF,)FKJ2/2Fp1! !ws| ´Y<"/g.#"$'&p&p-'Gz
0E"<?v=N2Fpvw;=N0<?vRDOy0,)-ﬃ>O<?1m<"/0*@$(F,=/2FEb$;)&N¯%N0<?&)N$E"E?-¯ vwx£-',tG<?&,)-ﬁvFp&p-'/21
,)Fpv)-'E".0;=<?-'/y;=<"GoF,)v!
•  eIj Z !|~N2F !Rs|L&p-',)F;$(Fpv:&$,)F-xv)&N2Fp1m.0E"<"/0*,)F$E{z ;=<"GoF
F>F/g;)v!¬|~N2F!!Rs| &p-',)FI<"G0E?FGoF/g;)vI$ v)F; -xbv)+v=;)FG &$E"E?v <"/;=N2F5´<"/g.#"
(F,=/2FEﬀ<"/@-',)10F, ;)-ov).00-',=;~J2,=G ,)F$E{z ;=<"GoFﬁ!
• efZgc2]ih)ﬃﬂ`_aZ _a^]ZOV !stF$E{z ;=<"GoFfGo-O1m.0E?Fpv&`s|%9:-O10v5<"G0E?FGoF/O;;=N2F
x.0/2&;=<?-'/$E"<";³ -x$ ,)F$E{z ;=<"GoF~;$'v=(!ﬀ|~N2Fpv)F%$,)F¬<"G0E?FGoF/g;)Fp1o$'v´<"/g.#" E?-$'1+z
$D0E?F(F,=/2FECGo-O1m.0E?Fpvﬃ! |~NO.2v Y;=N2F:,=.0/d<"/d(F,=/2FECGo-+10Fo$/21$,)Fo$E"E?-¯Fp1
$'&p&pFpv)vt10F>+<?&pFpvR$/21@-';=N2F,R$,=;)vt-xC;=N2F5(F,=/2FE<"/@¯$+vt/2-';tF,=G<";=;)Fp1@;)-
/2-',=G$Eﬀ.2v)F,%0,)-+&pFpv)v)Fpv!
|~N2F !Rs| &p-',)F4<?vR,)Fpv=-'/2v=<"D0E?F4x`-',wv)&)N2Fp1m.0E"<"/0*,)F$E{z ;=<"GoFF>F/g;)v6$/21y<"/g>-'(+<"/0*
;=N2Fo$00,)-'0,=<i$;)Fos|%9:-O10v6$;I;=N2Fo$00,)-'0,=<i$;)F;=<"GoFﬁ!|~N2F!Rs|v)&N2Fp1m.0E?F,6<?v
$/F "m0E"<?&<";o0Ei$/\v)&N2Fp1m.0E?F,  ¯%N0<?&N\GoF$/2v;=N$;f$00E"<?&$;=<?-'/2vo/2FpFp1 ;)-dv=Fp&<{x`
F "m0E"<?&<";=E";=N2F5;=<"GoFpvt$; ¯%N0<?&N@,)F$E{z ;=<"GoF4F>F/O;)vR$,)F5;)--+&p&.0,!
O<"/2&pF4´<"/g.#"<?vt$;=<"GoF6v=N$,=<"/0*o-'F,$;=<"/0*v=mv=;)FG&+G$/g-x^<";)v%&p-'G-'/2F/g;)v
$,)Fy/2-';;=.0/2Fp1;)-aF, x£-',=G ¯FE"Et.0/210F,f,)F$E{z ;=<"GoFy&p-'/2v=;=,$<"/O;)v! !Rs| ´<"/g.#"
0,)-ﬃ>O<?10Fpv $f¯$p;)-;=.0,=/a-  v)-'GoFo-x;=N2Fpv)Fo&p-'G-'/2F/g;)v4¯%N2F/a,)F$E{z ;=<"GoFo;$'v=(mv
$,)F5DF<"/0*F, x`-',=GoFp1! ª³;%<?v 10-'/2F5DO0,)->+<?1m<"/0*;)-1m<F,)F/g;t(F,=/2FEﬀGo-O10Fpv ,
•  '_ac2]_abZ !\ª}/ /2-',=G$E Go-+10F %$E"E%0,)-O&pFpvv)Fpv$,)Fy$E"E?-ﬃ¯¬Fp1;)-,=.0/Y!
O<"/2&pF@$E"E0,)-+&pFpv)v)Fpv$,)F$E"E?-¯Fp1 ;)-:,=.0/  v)-'GoFf0,)-O&pFpvv)Fpv G$pDFf.2v=<"/0*
(F,=/2FE¬v)F,=>+<?&pFpv5;=N$;6G<"*ﬁNO;6D0E?-O&(<"/g;)F,=,=.00;)v4x`-',4$/F "m;)F/210Fp1dF,=<?-O1d-x
;=<"GoFﬁ!
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User task switches kernel to real−time
mode. User task then constructs a schedule
and submits it to KURT
KURT core takes care of scheduling
real−time events and calling the appropriate
RTMod at the appropriate time
RTMods performs certain activities
(like switching context to a specific
process) when invoked
User Space
Kernel Space
%b<"*ﬁ.0,)F4m!8P ,C°R,)&)N0<";)Fp&;=.0,)F -xb;=N2F!!ws|±v=mv=;)FG 8PﬁA}!
• e ZOc2]ih)ﬃﬂ_Za_abZ !R|ﬀ-$p>-'<?1:;=N0<?v ;=N2F4(F,=/2FEC&$/:DF v=¯%<";)&N2Fp1n;)- ,)F$E{z
;=<"GoF6Go-+10F 2<"/n¯%N0<?&)N:-'/0E"0,)-O&pFpv)vFpv ;=N$;w$,)F6G$,=(Fp1:$'vt,)F$E{z ;=<"GoF40,)-z
&pFpv)v)FpvR$,)F6$E"E?-¯¬Fp1n;)-,=.0/Y!
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st¢ H ´<"/g.#" `stF$E{z ;=<"GoFo$/21¢CGDFp1010Fp1´<"/g.#"w<?v5$/a-'/0*-'<"/0*0,)-  Fp&;4$;I;=N2F
t/0<">F,)v=<";³\-x~$E"<{x£-',=/0<i$ tª³,=>O<"/2Fﬁ! R/0E"<"(F:s|%´<"/O.#"¤$/21 s|ﬀ°wª st¢ HL´<"/g.#"
10-OFpv%/2-';R<"G0E?FGoF/g;5$v)Fp&p-'/21y,)F$E{z ;=<"GoF4(F,=/2FE !|~N2F$00,)-$'&NnN2F,)F4<?v%;)- $'101
/2F¯ ,)F$E{z ;=<"GoF&$$D0<"E"<";=<?Fpv;)-n;=N2F´<"/g.#" (F,=/2FE F; (FpF$E"E~F "m<?v=;=<"/0*´<"/g.#"
&$$D0<"E"<";}  r+ }! %0.0,=;=N2F,=Go-',)F <";t<?vR/2-';w;=N2F6<"/g;)F/O;=<?-'/d;)-o,)FKz <"G0E?FGoF/O;4$x`.0E"E"
0,)FpFG0;=<">F(F,=/2FE^D0.0;4;)-y;=,$/2v x`-',=GL´<"/g.#"<"/O;)-n$/ Q5:¯%<";=N      	   ,)F$E{z
;=<"GoF6v=.00-',=;ﬀ r'7#}!
ª}/ -';=N2F,¯¬-',)10v ﬁsR¢ H\´<"/O.#" 10-+Fpvb/2-';buO.$E"<{x $'vb$tN$,)1 ,)F$E{z ;=<"GoF-'F,$;=<"/0*
v=+v);)FGov!ª}/2v=;)F$'1f;=N2Fw0,)- =Fp&;~x`-+&.2v)FpvN2F$p>+<"E" -'/0,)->+<?1m<"/0* $ F "m<"D0E?Fwv&)N2Fp1m.0E{z
<"/0*x,$GoF¯-',=(;=N$;tv=.00-',=;)vt$ >'$,=<?F;³-xb,)F$E{z ;=<"GoFv)&)N2Fp1m.0E"<"/0* -'E"<?&<?Fpv!
|~N2F10F>FE?-'F,)v&Ei$<"G;=N$;6-'/2Fo-x;=N2FG$<"/aGo-';=<">ﬁ$;=<?-'/2vIx`-',6sR¢ H ´<"/g.#"
<?v%;=N2F5-'0.0Ei$,=<";}@$/21Ei$,=*F5.2v)F,tD$'v)F5-x´Y<"/g.#"'¨$/21;=N2F5¯~$p;=N2FQ5f<?v DF<"/0*
10F>FE?-'Fp1Dgd.2v=<"/0*n;=N2F-'F/v)-'.0,)&pF GoF;=N2-+1!|~N2F &.0,=,)F/O;>F,)v=<?-'/ -x st¢ H
´<"/g.#" <?v <"G0E?FGoF/O;)Fp1¤x£-',f´<"/O.#"(F,=/2FE67m!87m!" M2! °~;;=N2Fy;=<"GoF-x4¯%,=<";=<"/0* <";
<?v .0/2&E?F$,¯%N2F,)F:;=N2F:0,)- =Fp&;f<?vfN2F$'10Fp1'I$/21¤¯%N2F;=N2F,st¢ H ´<"/g.#" ¯%<"E"E5DF
<"G0E?FGoF/g;)Fp1x£-', /2F¯F,t´<"/g.#"@(F,=/2FE?vﬃ!
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v)&N2Fp1m.0E"<"/0*2!y|ﬀ-n;=N0<?v
F/214;=N2F10F>FE?-'F,)vN$>F<"G0E?FGoF/g;)Fp1$t*F/2F,$E2$/214.0/0<{JFp1v)&N2Fp1m.0E"<"/0*Ix,$GoFKz
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¯-',=(\;=N$;@$E"E?-¯ v@v).00-',=;-x4;=N2F:;=N0,)FpFGo-ﬁv=;f-'0.0Ei$,,)F$E{z ;=<"GoFdv)&N2Fp1m.0E"<"/0*
$,$'1m<"*ﬁGov'&b0,=<?-',=<";³av)&)N2Fp1m.0E"<"/0* ^,)Fpv)F,=>ﬁ$;=<?-'/aD$'v)Fp1av)&N2Fp1m.0E"<"/0* b$/21v=N$,)Fo$E{z
E?-+&$;=<?-'/yv)&N2Fp1m.0E"<"/0*2!+Fp&;=<?-'/:Pm!87 N$'vw$10F;$<"E?Fp1@1m<?v)&.2v)v)<?-'/y-'/;=N2Fpv)Fﬁ!
ª³/f;=N2FwsR¢ H ´<"/g.#"fGo-O10FE+;=N2FIv=G$E"E?Fpv=;%v)&N2Fp1m.0Ei$D0E?FIGo-O10FE<?v~&$E"E?Fp1$ =-'DY!
° =-'Da<?v$E"¯~$pmvF "0Fp&.0;)Fp1-'/2&pFﬁ! %2-', v=+v);)FGov5¯%<";=NF,=<?-O1m<?& $'&;=<">O<";=<?Fpv C$ =-'D
v=;=,)F$G 10FKJ2/2Fpvo$nF,=<?-O1m<?&;$'v)(! %-'.0,ov)&)N2Fp1m.0E"<"/0*$;=;=,=<"D0.0;)Fpv$,)F10FKJ2/2Fp1 x£-',
F$'&N =-'D$ r+  ,
• ©4ﬂ'ﬂW !b°  -'D  v 0,=<?-',=<";}10FKJ2/2Fpv¬;=N2F%<"G-',=;$/2&pFR-x;=N2F =-'Do,)FEi$;=<">FR;)-
;=N2F6-';=N2F, =-'D2v%<"/@;=N2F5v=mv=;)FG@!
• c0 ﬃﬂ`_aZ ! |~N2Fnv);$,=;%;=<"GoF:$;=;=,=<"D0.0;)F10FKJ2/2Fpv ¯%N2F/¤$  -'D &$/DF
v=;$,=;)Fp1! °  -'Dy&$/0/2-';tDF5F "0Fp&.0;)Fp1DFKx`-',)FI<";)v v);$,=; ;=<"GoFﬁ!
•  ﬂ`bﬂV  ﬃﬂ_Z !|~N2FJ2/0<?v=N %;=<"GoFy-x6$ =-'D <?vo<";)vo10F$'1mE"<"/2Fﬁ! °~; $ =-'D2v
J2/0<?v=N %;=<"GoF4F>F/@<{x;=N2F =-'D<?v%/2-';~J2/0<?v=N2Fp1'<";%G4.2v=; DF5v=;)-'0Fp1!
•   ^¨Z !#.21m*F;¬,)F0,)FpvF/g;)v;=N2Ft$Go-'.0/g;%-xYF "0Fp&.0;=<?-'/;=<"GoFR,)Fpv)F,=>Fp1x£-',
;=N2F  -'DY!
%b<"*ﬁ.0,)Ftm!86v=N2-¯ vC;=N2F Go-O10FEmx£-',C;=N2F%*F/2F,$Ev)&N2Fp1m.0E"<"/0*6x`,$GoF¯¬-',=(-xst¢ H
´<"/O.#"! ª};¬<?v¬G$'10FR.0-xﬀ;}¯-G$<"/&p-'G-'/2F/g;)v'&m;=N2FIv)&N2Fp1m.0E"<"/0*$E"E?-+&$;)-', 0$/21
;=N2F6v&)N2Fp1m.0E?F61m<?v=$;)&N2F, ,
• ﬀZObb]Zc2]]cm¨ !C|~N2F5v&)N2Fp1m.0E?F6$E"E?-+&$;)-',<?v~,)Fpv)-'/2v=<"D0E?FRx£-',vF;=;=<"/0*
.0±;=N2Fdv)&)N2Fp1m.0E"<"/0*¤$;=;=,=<"D0.0;)Fpvx£-',/2F¯  -'D2vﬃ! ª³;<?v<"G0E?FGoF/g;)Fp1 $'vy$
0,)-O&pFpv)v4,=.0/0/0<"/0*y<"/a.2vF,4v=$'&pF ^D0.0;6G4.2v=;.2v=.$E"E",=.0/$'v6;=N2Fo,)F$E{z ;=<"GoF
0,)-O&pFpv)v ¯%<";=N;=N2F5N0<"*ﬁN2Fpv=;%0,=<?-',=<";}!¬|~N2F4$E"E?-+&$;)-', 10FKJ2/2Fpv ;=N2F5v)&N2Fp1m.0E"<"/0*
-'E"<?&!
• ﬀZObb]ZﬂV ^cm^Zg !|~N2Fv)&)N2Fp1m.0E?F 1m<?v=$;)&)N2F, 10F;)F,=G<"/2Fpv6;=N2FoF "0FKz
&.0;=<?-'/-',)10F,%-xY;=N2FR,)F$'1m =-'D2v gD$'vFp1f-'/f;=N2F<",~v)&)N2Fp1m.0E"<"/0*o$;=;=,=<"D0.0;)Fpv! ª³;
<?v <"G0E?FGoF/O;)Fp1$'v~$6´Y<"/g.#"(F,=/2FEGo-O1m.0E?Fﬁ!C|~N2FR1m<?v=$;)&)N2F,~0,)-ﬃ>O<?10Fpv¬;=N2F
v)&)N2Fp1m.0E"<"/0* GoFp&)N$/0<?v=G@!
|~N2F¯~$p <"/ ¯%N0<?&)N;=N2F$E"E?-+&$;)-',v)F;)v.0 ;=N2F@$;=;=,=<"D0.0;)Fpv $/21 ;=N2F1m<?v=$;)&N2F,
&N2-O-ﬁv)Fpvw$  -'D<?vt10FF/210F/O;t.0-'/;=N2F6&.0,=,)F/g;wv)&)N2Fp1m.0E"<"/0* -'E"<?&!
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|^-a$p>-'<?1 ;=N2Ff0,)-'D0E?FG -xR;=N2F´<"/g.#" (F,=/2FE%D0E?-O&(O<"/0*  st¢ H´<"/g.#" ;$(Fpv ;=N2F
$00,)-$'&N:;)-G$(F4;=N2F(F,=/2FEbD0E?-O&(O<"/0*10FEi$pyv)N2-',=;! |~N0<?vt<?vI$'&p&p-'G0E"<?v=N2Fp1:Dg
<"/O;=,)-O1m.2&<"/0*$v)N2-',=;1m<?v)$;)&)N;=<"GoF@$/21$nN0<"*ﬁN ,)Fpv)-'E".0;=<?-'/ ;=<"GoF, ~$/21 <"/2v)F,=;
v=Fp&<i$E0,)FpFG0;=<?-'/:-'<"/O;)v%<"/@;=N2FI(F,=/2FE !
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Task 1 Task 2 Task N
Schedule Allocator
Schedule Dispatcher
Priority driven
scheduler
Reservation based
scheduler
Share driven
scheduler
priority
start_time
finish_time
budget
JOB
priority
start_time
deadline
other attributes
New schedulers
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ª³/2v=;)F$'1a-x~G$(+<"/0*yst¢ H ´Y<"/g.#"$,)FKz}F/g;=,$/O;(F,=/2FE$v=G$E"E (F,=/2FE 0,)FpFKz
G0;=<?-'/ 10FEi$pa<?v $'&)N0<?F>Fp1 DgdD0,)F$(+<"/0*y;=N2FfF "0Fp&.0;=<?-'/ -x v)-'GoF(F,=/2FEv)F,=>+<?&pF
,)-'.0;=<"/2FpvI<"/O;)- v=G$E"E?F,5&p-+10F4D0E?-+&)(mv!w|~N0<?vt<?vwD$'v=<?&$E"E"n10-'/2F4DO@<"/2v)F,=;=<"/0*G$/g
K0,)FpFG0;=<?-'/d-'<"/g;)v '!R°~;wF$'&N0,)FpFG0;=<?-'/:-'<"/g; ;=N2F(F,=/2FEb&N2Fp&)(mvI¯%N2F;=N2F,
;=N2F,)F$,)FyF/21m<"/0* ,)F$E{z ;=<"GoF =-'D2v  $/21<{x4v)-$a0,)FpFG0;=<?-'/ -x6;=N2Fy(F,=/2FEw<?v
x£-',)&pFp1!
 %$   " 
 ﬃ    # 
|b$D0E?F m!87tv=.0GG$,=<"¡Fpv v)-'GoF¬-x¨;=N2F¬Go-',)F<"G-',=;$/g;C0,)-'F,=;=<?Fpv;=N$;¯¬F,)F;$(F/
<"/O;)-:&p-'/2v)<?10F,$;=<?-'/ ¯%N2F/ &p-'G$,=<"/0*d;=N2F$E";)F,=/$;=<">FpvD$'vFp1-'/ ;=N2FfG$;)F,=<i$E
0,)Fpv)F/O;)Fp1@<"/;=N0<?vR&)N$0;)F,!
• ¬ﬂ`(ﬁaZgVﬃﬂ¨ ! N$;~´<"/g.#" (F,=/2FE>F,)v)<?-'/ <?v¬<";~$>'$<"Ei$D0E?Ftx£-', .°R0$, z
F/g;=E";=N0<?v>ﬁ$,=<?FpvC$R*ﬁ,)F$; 10F$E$/21<";b<?vuO.0<";)F<"G-',=;$/O;!CRF¯F,C>F,)v=<?-'/2v
-xb;=N2F5(F,=/2FEb$,)F5Go-',)F6v=;$D0E?F 0v=.00-',=;)v%Go-',)FIx£F$;=.0,)Fpv $/21@N$'v &E?F$/2F,
$/21DF;=;)F,R-',=*g$/0<"¡Fp1yv)-'.0,)&pF5&p-+10Fﬁ!
•  c0 ¨ Vﬃ  ZOc2]ih)ﬃﬂ_Z !HI-OFpv<";¬0,)->+<?10FRN$,)1-',~v)-x`; ,)F$E{z ;=<"GoF .y|~N2F
1m<F,)F/2&pF4DF;³¯¬FpF/y;=N2FI;³¯¬-;)F,=GovR$,)F6F "m0Ei$<"/2Fp1<"/n+Fp&;=<?-'/:7m!87m!87m!
• ﬀZObb]`ﬂ ! N$;R(O<"/21:-x v)&)N2Fp1m.0E"<"/0*@$E"*-',=<";=N0Gov5$,)F$p>ﬁ$<"Ei$D0E?F . +Fp&Kz
;=<?-'/ Pm!87a1m<?v&.2v)v)Fpvv&)N2Fp1m.0E"<"/0*2! °~;;=N2Fn&.0,=,)F/g;v=;$*F@-x610F>FE?-'0GoF/g; 
<";4<?v41m< &.0E";;)-@;)FE"E¬¯%N$;6(O<"/21-xt$E"*-',=<";=N0GL¯%<"E"E DFGo-ﬁv=; v=.0<";$D0E?Fx£-',
v)&)N2Fp1m.0E"<"/0* -x6;=N2FyH5$ ~$'B^-;=N0,)F$'10v!±ª³;¯-'.0E?1\DF@.2v)FKx`.0E ;)-F, x£-',=G
;)Fpv=;)v5¯%<";=Nd>ﬁ$,=<?-'.2v4$E"*-',=<";=N0Gov!|~Ng.2v ﬀ;=N2F<"G-',=;$/O;5x $'&;)-',5<?v5¯%N2F;=N2F,
;=N2Fv)&N2Fp1m.0E"<"/0*:Go-+1m.0E?Fo<?v F "+<"D0E?F v)-@;=N$; $E";)F,=/$;)F$E"*-',=<";=N0Gov4G<"*ﬁNO;
DF6$00E"<?Fp1!
•  ©6 ! ª­v;=N2F@°wB ª D$'v)Fp1-'/\$dv);$/212$,)1\-',o<?v<";0,)-'0,=<?F;$,= . |~N0<?v<?v
<"G-',=;$/O;tD-';=Nx`-',%-',=;$D0<"E"<";}
• Yﬂ`_ ]Zf¨}Zgcmﬃ^Zﬁh'ﬂW ! N$;<?v;=N2FR0N0<"E?-ﬁv-'0Ng -x^;=N2FRG$(F,)v.ª}xﬀ<";
<?vRv=<"G0E?F <"; vR/2-',=G$E"E"nF$'v=<?F,R;)-G$'v);)F,I$/21n;=N2F4v)-'.0,)&pF &p-+10FF$'v=<?F,w;)-
v=;=.21m!ª x<";w<?v5x`F$;=.0,)FKz ,=<?&N Y;=N2F&)N$/2&pFpv4;=N$;5<";5N$'vIN0<"*ﬁNmz E?F>FE x£F$;=.0,)Fpv
;=N$;t&$/@DFI.0;=<"E"<"¡Fp1@<?v~*ﬁ,)F$;)F,!
• jR  Z ]`ﬂZO^VZ !C-'GGoF,)&<i$E  w/g.B .0D0E"<?&%´<?&pF/2v)Fﬂ  IB ´ # +H¤v=;}+E?F 
F;)&ﬁ! ª};<?v%10FKJ2/0<";)FE"f.2v)FKx.0E<"/;=N0<?v~;=N2Fpv=<?v~;)- N$p>FI;=N2FIv)-'.0,)&pF5&p-+10FRx`-',;=N2F
Q5$p>ﬁ$<"Ei$D0E?Fﬁ! |~N2F5E?Fpvv~,)Fpv=;=,=<?&;=<?-'/2vt;=N2F,)F$,)FI<"/@;=N2FIE"<?&pF/2v)F 0;=N2F5DF;=;)F,!
• UO^_ZOcmﬃﬂ¨ !^|~N2F ug.$E"<";³4$/21$Go-'.0/g;-x210-O&.0GoF/O;$;=<?-'/$>'$<"Ei$D0E?F
1m<F,)v4*ﬁ,)F$;=E"! %2-',4;=N2F0.0,=-ﬁvFo-x;=N2Fo;$D0E?F ﬀ<";6N$'v4DFpF/,$;)Fp1d*-O-+1'
GoFp1m<".0G&-', -O-',!
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©6  Zg ¬N2-',=.2vKQ5 s|ﬀ°wª !ws| st¢ H s|%´<"/g.#"
´<"/g.#">F,)v=<?-'/ 5«° 7m! M 7m! M 7m!87 7m! M
w$,)1y-', v)-x; N$,)1 N$,)1 v)-x`;WJ2,=G 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F "m<"D0E?F <"/F "m<"D0E?F <"/F "m<"D0E?F 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| +F4-xbE"<?&pF/2v)F &p-'GGoF,)&<i$E  IB ´  IB ´  IB ´  IB ´
HI-+&.0GoF/g;$;=<?-'/ *-+-+1 GoFp1m<".0G -+-', -+-', GoFp1m<".0G
O.00-',=; -+-', *-O-+1 GoFp1m<".0G -+-', *-O-+1
|^$D0E?F m!87 ,¬-'G$,=<?v)-'/y-x ¬N2-',=.2vkQ5@$/21sRF$E{z}|~<"GoF4´<"/O.#">'$,=<i$/O;)v
•     !tO.00-',=;w<"/2&E".210Fpv6$/gx£-',=.0G¯%N2F,)F<";R<?vt-ﬁv)v=<"D0E?F4;)-*F;5$/mz
v=¯F,)vt;)-ouO.2Fpv=;=<?-'/2vR,)F*g$,)1m<"/0* .2vF6-xC;=N2F4s|tQ5!*%2-',R;=N2F60.0,=-ﬁv)F4-xC;=N2F
;$D0E?F 0<";%N$'vtDFpF/,$;)Fp1*-+-+1'mGoFp1m<".0G&-',%-O-',!
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|~N0<?v5&)N$0;)F,5N$'vI*ﬁ<">F/dD0,=<?FKx-ﬃ>F,=>O<?F¯ v4-x ;=N2F,)F$E{z ;=<"GoF´<"/g.#">ﬁ$,=<i$/g;)v5;=N$;
¯¬F,)Ff&$/21m<?12$;)Fpv4x£-',4;=N0<?v ;=N2Fpv=<?vﬃ!@°t/ ->F,=>+<?F¯ ¯~$'v$E?v)-@*ﬁ<">F/ -xw¬N2-',=.2vkQ5!
|~N2F ,)F$E{z ;=<"GoF´<"/g.#" >'$,=<i$/O;)vb¯¬F,)F&p-'G$,)Fp1¯%<";=NF$'&)N-';=N2F,)vC$/216¯%<";=No¬N2-', z
.2vkQ5!¨s|^°Rª ´Y<"/g.#"a$/21ns|%´<"/O.#"d$,)FDF;=;)F,510-+&.0GoF/g;)Fp1'Go-',)F G$;=.0,)F Y$,)F
DF<"/0*RGo-',)F$'&;=<">FE"410F>FE?-'Fp1$/216N$p>FEi$,=*F,b.2v)F,ﬀD$'vFpv ;=N$/4;=N2F-';=N2F,^;³¯¬-0!
|~Ng.2v  !ws| ´<"/g.#"n$/21sR¢ H´<"/g.#"@¯~$'vt1m<?v)&$,)10Fp1yF$,=E" <"/@;=N2F4v)FE?Fp&;=<?-'/Y!
s|%´<"/g.#"@¯~$'v <"/;=N2F6F/21@&N2-ﬁv)F/n-ﬃ>F,Rs|ﬀ°wª´<"/g.#"'¨$/21;=N2F6G$<"/@,)F$'v)-'/2v
&$/DF5v=.0GGoFp1@.0@E"<"(F5;=N0<?v ,
• s|%´<"/g.#"x`-'E"E?-ﬃ¯ v $ KE"<"G<";)Fp1x£F$;=.0,)Fpv 'E?-¯ &p-'G0E?F "+<";³ 0N0<"E?-ﬁv-'0Ng4¯%N0<?&N
v)FpFGGo-',)F%&p-'G$;=<"D0E?F%¯%<";=N;=N2F~<?10F$w-x¨E"<"*ﬁNO;}¯¬F<"*ﬁNO;&p-'GG.0/0<?&$;=<?-'/0,)-z
;)-+&p-'E?v!
• |~N2Fsb|%´Y<"/g.#"a°RB ª%<?vI>F,=n&E?-ﬁv)F ;)-fDF<"/0*@B¬Q5+ª  &p-'G0E"<i$/g; ﬀ¯%N0<"E?F4x£-',
s|ﬀ°wª¬´Y<"/g.#"'&p-'G0E"<i$/2&pF6<?v /2-';t$v=;$;)Fp1*-$E^$;R$E"E !
¬N$0;)F,wr&p-'/g;$<"/2vw$ Go-',)F5<"/mz}10F0;=NnF "2$G<"/$;=<?-'/n-xCs|%´<"/g.#"!
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<"/dG4.0E";=<"GoFp1m<i$nv=+v);)FGov!oQtx;)F/ ﬀ<";5<?v6&Ei$<"GoFp1d;=N$;6E?F*g$'&Q5  Fpv4$,)FovF>F,)FE"
Ei$'&)(+<"/0*<"/\;=N0<?v ,)F*g$,)1! °wv$d,)Fpv=.0E"; ~;=N2F,)FyN$p>FnDFpF/ %$/21 $,)Fn$;0,)FpvF/g; 
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8AﬁY0,)->+<?10Fpvw$/@-ﬃ>F,=>O<?F¯ -x 2$/21@v).0Gov%.0;=N2F5,)Fpv)F$,)&Ny10-'/2F5<"/@;=N0<?v~JFE?1!
|~N2F6x£-'E"E?-¯%<"/0*@uO.2-';)F4x,)-'G;=N2F&p-'/2&E".2v=<?-'/2vI<"/ 8Aﬁ! v=.0GG$,=<"¡Fpv5-'/2F -x ;=N2F
G$<"/d-'<"/O;)v4-x¬;=N$;v=;=.21m!ª}/a$'101m<";=<?-'/a;)-@DF<"/0*y$f*-+-O1nx£-',=G4.0Ei$;=<?-'/ -x~-'/2F
-xb;=N2F5G$<"/yGo-';=<">'$;=<?-'/2v x`-', ;=N0<?v ;=N2Fpv=<?v 0<";R$E?v-v=.00-',=;)v$'v%;=N0<?vt&N$0;)F,t¯%<"E"E
v=N2-¯ﬀ0;=N2F5&N2-'<?&pF4-xCs|%´<"/g.#"n$'vRQ5x£-', ;=N0<?v%;=N2Fpv)<?v!
wF¯ Q5n$D2v=;=,$'&;=<?-'//2FpFp1:;)-DF410F>FE?-'Fp1:;)- v=.00-',=;5$oG< "y-x
$00E"<?&$;=<?-'/2v¯%<";=Na,)F$E{z ;=<"GoF $/21dDFpv=;6F -',=;6,)FpuO.0<",)FGoF/g;)v$/21d;)-
0,)->+<?10F5;=N2F5/2Fp&pFpvv$,= F, x£-',=G$/2&pFﬁ! 
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Kernel
Kernel
Kernel module
User Space
RT Space
Kernel Space
insmod
Kernel module
  System
RT Admin
User Space
RT Space
KernelKernel Space
Kernel module
  System
RT Admin
User Space
RT Space
KernelKernel Space
The Linux system, before starting Da CaPo.
RTLinux is running as part of the kernel,
but no parts of the Da CaPo system has been
loaded yet.
The Da CaPo kernel module is inserted into
the Linux kernel, by using the Linux user−
space command ’insmod’.
kernel calls to make the kernel start the
Da CaPo RT Admin System as realtime
threads.
The Da CaPo kernel module makes internal
The admin parts of Da CaPo is up and
running. The  Da CaPo kernel module is
ready to accept requests from applications
running in User Space, while the Da CaPo
RT Admin System is ready to accept
requests from other hosts.
User Space
RT Space
Kernel Space
time
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The application at Host 1
initiates by telling Da CaPo
that it requests a connection
with the application at Host 2.
connection manager that
will service the connection
Da CaPo at Host 1 starts the
at this host.
Da CaPo at Host 1 tells
Da CaPo at Host 2 that the
application at Host 1 requests
a connection with the
application at Host 2.
connection manager that
will service the connection
Da CaPo  at Host 2 starts the
at this host.
Da CaPo at Host 2 tells the
application at Host 2 that it
has an incmoming connection
from the application at Host 1.
The applications can now
negotiate the communication
with each other and Da CaPo
at both hosts.
Management transportation
protocol and data protocol.
2
time
ApplicationApplication
561
3
4
6
1 2 3 4 5 6
HOST 1 HOST 2
Da CaPo
Admin
(Resource Manager)
Da CaPo
Admin
(Resource Manager)
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Network
Memory Pool
Thread Pool
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RT Linux
RT−FIFO Data Queue
Traffic Flow
Direction Indicator
Bidirectional Network
Traffic Flow
Bidirectional Network
Control Flow
T−Module
A−Module
C−Module
Application
Module Graph
Connection Manager
Module Graph
System 2
Connection Manager Connection Manager
System 1
T
Network
T T T
A
A A
A
C C
C C
C
C
C
C
C
C C
C C C
Multimedia Application Multimedia Application Legend
A
C
T
Control Flow
Direction Indicator
RT−FIFO
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Data path
Da CaPo module
Data queue
C1
C2−2
C2−1
C3
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rt fifo
library function
system call
rt mode
user mode
kernel mode
This realtime thread
wants to create a new
The new realtime
thread runs!
This is the linux kernel. It loads
a kernel module when told to by
the linux process, thus creating
a new realtime thread.
This linux process listens to
instrunctions from realtime threads
and tells the kernel to create new
threads as required
realtime thread
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Legend
Thread
Module
Da CaPo
push
Data queues
Available
pop On threadallocate
On threadfree
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A
Application
RT−FIFO
Data queue
4. Place data cell(s) in data queue.
3. Copy data into data cell(s).
2. Allocate data cell(s).
1. Fetch data from RT−FIFO.
A−module algorithm:
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C
Data queue
Data queue
3. Place data in data queue (out).
2. Process data.
1.Fetch data from data queue (in).
C−module algorithm:
%b<"*ﬁ.0,)F4 m!"  ,¬ z Go-+1m.0E?F5DFN$p>+<?-',!
• §5hk_bb]Z !¤° &Kz Go-O1m.0E?Fy*F;)vf$12$;$z}&pFE"Etx`,)-'G <";)v<"/mz}ug.2F.2Fpvﬃ! RF "m; 
<";0,)-+&pFpv)v)Fpv;=N2F@12$;$a<"/;=N2Fy12$;$a&pFE"E !  N2F/ J2/0<?v=N2Fp1'~<";o0Ei$'&pFpv;=N2F
12$;$z}&pFE"Eb<"/n<";)vR-'.0; z}uO.2F.2Fpv! %b<"*ﬁ.0,)F m!" o<"E"E".2v);=,$;)FpvR;=N2F&Kz Go-O1m.0E?Fﬁ!R|~N0<?v
DFN$>O<?-',R<?v $'&p&p-',)1m<"/0*;)-;=N2F5v=Fp&<{J&$;=<?-'/y<"/$" ! m$*Fo M2!
• j5hk_a^]Z !±°; z Go-O1m.0E?F:*F;)v$a12$;$z}&pFE"Ewx,)-'GS<";)v<"/mz}uO.2F.2Fpv! RF "m; 
<"; v)F/210v;=N2Fy12$;$a-'.0; -'/\;=N2F@/2F;³¯¬-',=(! %b<"/$E"E"~<";o,)F;=.0,=/2v;=N2Fn12$;$z
&pFE"E D$'&)(;)-;=N2Fo12$;$z}&pFE"Ev=;$'&)(!%b<"*ﬁ.0,)F m!" ﬃrf<"E"E".2v);=,$;)Fpv6;=N2F; z Go-+1m.0E?Fﬁ!
|~N2F; z Go-O1m.0E?F &$/aDF<"G0E?FGoF/g;)Fp1;)-@&p-'GG4.0/0<?&$;)Ff1m<",)Fp&;=E"¯%<";=Na;=N2F
/2F;}¯¬-',=(N$,)1m¯$,)F C<?Fﬁ!@<";<?v $y1m,=<">F, -', ;=N2F1m,=<">F,&$/DF $yv)F$,$;)F
;=N0,)F$'1'-'.0;)v=<?10F6-xCH5$o~$'B^- ;=N$;t&$/yv)F,=>F5vF>F,$EY; z Go-O1m.0E?Fpvﬃ!
#~Fp&$.2v)F ;=N2FI$,)FC;=N0,)F$'10vﬃ;=N2FCGo-+1m.0E?Fpvﬀ$,)F v&)N2Fp1m.0E?Fp1$'&p&p-',)1m<"/0*t;)-%¯%N$;)F>F,
v)&N2Fp1m.0E"<"/0* -'E"<?&;=N2F5(F,=/2FEﬀ<?v .2v=<"/0*2!¬ª³/@s|%´<"/g.#"'¨;=N2F6v)&)N2Fp1m.0E?F,R<?v Go-+1m.0Ei$,
 +Fp&;=<?-'/yr+!8mv)-41m<F,)F/g;%v)&N2Fp1m.0E"<"/0*o$E"*-',=<";=N0Gov&$/fDFt.2v)Fp1!#~Fp&$.2v)Fw-xY;=N2F
,=<?&N:-ﬁv)v=<"D0<"E"<";=<?Fpvtx£-',tGo-'/0<";)-',=<"/0*-x Go-O1m.0E?FpvK«;=N0,)F$'10vI<"/y;=N2F;=N0,)F$'1yF,RGo-+1+z
 0   
 	     

ﬁP
T
Data queue
3. Free data cell.
2. Place data on network.
1. Fetch data cell from data queue.
T−module algorithm:
Network
%b<"*ﬁ.0,)F4 m!" ﬃr , |z Go-O1m.0E?F4DFN$>O<?-',!
.0E?Fw10Fpv)<"*ﬁ/ m<";~v)N2-'.0E?1 DFw-ﬁvv=<"D0E?Fw;)->F,= *-O-+1f,)Fpv=.0E";~¯%<";=N@v)&)N2Fp1m.0E"<"/0*-'E"<?&<?Fpv
D$'v)Fp1 -'/1m+/$G<?&w$/21 0,)FpFG0;=<">F5v)&)N2Fp1m.0E"<"/0*2! |~N0<?v¬<?v¬;=N2FR0,)->+<"/2&pFw-xﬀx.0;=.0,)F
v=;=.21m  +Fp&;=<?-'/ m!8AK!
 

ﬂ"" " ﬃ 	
|~N0<?v&)N$0;)F,oN$'v0,)Fpv)F/O;)Fp1 ;=N2F->F,$E"E 10Fpv=<"*ﬁ/ ;=N$;¯~$'vo&,)F$;)Fp1$'v$,=;o-x
;=N0<?v4;=N2Fpv=<?vﬃ!@|~N2F 10Fpv)<"*ﬁ/0,)-'D0E?FGov ;=N$; N$'v4DFpF/ v);=.21m<?Fp1a<"/ <"/;=N2F ¯¬-',=(-'/
;=N0<?v;=N2Fpv=<?v¯~$'vF "m0Ei$<"/2Fp1' -ﬁv)v=<"D0E?Fv)-'E".0;=<?-'/2v 1m<?v)&.2v)v)Fp1'~$/2110Fpv=<"*ﬁ/&N2-'<?&pFpv
¯$'vG$'10FD$'v)Fp1 -'/ ;=N2FpvF1m<?v)&.2v)v=<?-'/2v! |~N2F/2F "m;o&)N$0;)F,o0,)Fpv)F/O;)vo;=N2F<"Gz
0E?FGoF/g;$;=<?-'/:¯¬-',=(;=N$; N$'v DFpF/y$'&p&p-'G0E"<?v=N2Fp1yD$'v)Fp1@-'/@;=N2F610Fpv)<"*ﬁ/2v <"/;=N0<?v
&)N$0;)F,!
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|~N0<?v&N$0;)F, 10Fpv)&,=<"DFpv~;=N2FR<"G0E?FGoF/O;$;=<?-'/n$/21f;=N2Fw<"G0E?FGoF/g;$;=<?-'/y0,)-+&pFpv)v!
|~N2FR10Fpv=<"*ﬁ/f0,)-+&pFpv)v¯$'vGo-',)Ft;=<"GoFKz}&p-'/2v).0G<"/0*;=N$/$/O;=<?&<"$;)Fp1'2$/21f;=N$;¬,)FKz
1m.2&pFp1;=N2F$Go-'.0/g;o-x ;=<"GoF$>'$<"Ei$D0E?Ffx£-',4¯-',=(-'/ <"G0E?FGoF/g;=<"/0*d;=N2F10Fpv=<"*ﬁ/Y!
|~Ng.2v ~;=N2Fy<"G0E?FGoF/g;$;=<?-'/¤<?vx $,x`,)-'GS&p-'G0E?F;)Fﬁ! #.0;;=N2Fy<"G-',=;$/O;f12$;$
v=;=,=.2&;=.0,)Fpvx`-', D-';=N Go-+1m.0E?Fpv C12$;$:&pFE"E?v$/21 12$;$:uO.2F.2Fpv N$p>FfDFpF/ <"G0E?FKz
GoF/g;)Fp1'¨$/21G$/O-xb;=N2FIx`.0/2&;=<?-'/2v ,)FEi$;)Fp1@;)-;=N2F512$;$v=;=,=.2&;=.0,)Fpv!
     ﬃ  $     "' 
°\v=;)Fmz DOgz}v=;)F*ﬁ.0<?10Fx£-',N2-¯ ;)-5v)F;=.0o$Iv=mv=;)FG .0/210F, ¯%N0<?&)N;=N2F~<"G0E?FGoF/O;$z
;=<?-'/f&p-'G0<"E?Fpv $/21 ,=.0/2v.0/210F,¬<?v<"/2&E".210Fp1v)-6;=N$;~;=N2FR,)Fpv)F$,)&)N&p-'/21m<";=<?-'/2v%&$/
DF,)F0E"<?&$;)Fp1!C|~N2F~/2F "m; v)Fp&;=<?-'/oF "+0Ei$<"/2v ¯%Ngo¯$'vC;=N2F%&N2-ﬁv)F/0,)-'*ﬁ,$GG<"/0*
Ei$/0*ﬁ.$*Fﬁ!
  #/& $92. .32 $ ﬂ3' # '*)    ﬂ # ﬁ
|~N2Ft0,)-+&pFpv)v~-xﬀv)F;=;=<"/0*.0 ;=N2Fwv=mv=;)FG .2v)Fp1<"/f;=N0<?v;=N2Fpv=<?v<?v¬10Fpv&,=<"DFp1fN2F,)Ftx`-',
;}¯¬-,)F$'v-'/2v'&;)-v=<"G0E"<{xy;=N2F0,)-+&pFpv)vI-x¬,)Fp&,)F$;=<"/0*;=N2F&p-'/21m<";=<?-'/2vI;=N2F <"G0E?FKz
GoF/g;$;=<?-'/@,=.0/2v~.0/210F, 2$/21@$E?v)- ;)- G$(FI<";%&E?F$,%;)- ;=N2FI,)F$'10F,%N2-¯±s|%´<"/g.#"
<?v -',=*g$/0<"¡Fp1!
|~N2F410F>FE?-'F,)vI-x sb|%´Y<"/g.#"yN$>FFG0N$'v=<"¡Fp1:;=N$;R;=N2F@¯$/O;R<";w;)-oDF$'v
v=<"G0E?F$'vR-ﬁvv=<"D0E?Fﬁ!%°RvI$,)Fpv).0E";t;=N2F6GoF;=N2-+1nN$'vR&N$/0*Fp1:v-'GoF¯%N$;w-ﬃ>F,R;=N2F
F$,)v!R°R/21n;=N2F4.2v)F,w/2-¯N$'v5$o&N2-'<?&pF-x ;=N0,)FpFv=E"<"*ﬁNg;=E"y1m<F,)F/g;IGoF;=N2-+10v!Iª
¯%<"E"EN2F,)F-'.0;=E"<"/2F;=N2Fv=;)F2v <"/g>-'E">Fp1 ¯%N2F/ .2v)<"/0*n;=N2FfGoF;=N2-+1 ª50,)FKx`F,¯%N2F/
<"/2v=;$E"E"<"/0*:s|%´<"/O.#">F,)v=<?-'/ Am!8 b¯%N0<?&)N <?v$;)&)N0<"/0*a$yv);$/212$,)1´<"/O.#"(F,=/2FE
v)-'.0,)&pFo;=,)FpFﬁ!|~N0<?v<?v6/2-';4<"/O;)F/210Fp1 $'v$/a<"/2v=;$E"Ei$;=<?-'/ G$/g.$E
 
$/21 $'v)v=.0GoFpv
;=N$;6;=N2F,)F$'10F,4<?v5x£$G<"E"<i$,6¯%<";=N;=N2F0,)-+&pFpv)v6-x &p-'G0<"E"<"/0*:$v);$/212$,)1a´<"/g.#"
(F,=/2FE !
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´<"/g.#"@1m<?v=;=,=<"D0.0;=<?-'/ ,¬stFp10I$; ´<"/g.#":r+!" 
5F,=/2FEY>F,)v=<?-'/ , 7m! M2!" 
|^$D0E?Fm!" -, |~N2F5sb|%´Y<"/g.#"yv=mv=;)FG .2v)Fp1fx£-',%;=N0<?v ;=N2Fpv=<?vﬃ!
YVpZO_qZ  Y^ﬂZO_ZOV
|~N0<?v¬<"/mx`-',=G$;=<?-'/ <?v *g$;=N2F,)Fp1ox,)-'G ;=N2Ft- &<i$Esb|%´Y<"/g.#" %m°t 8A# +$/21o;=N2Ft10-+&Kz
.0GoF/O;$;=<?-'/ <"/2&E".210Fp1¯%<";=N ;=N2Ffsb|%´Y<"/g.#">F,)v)<?-'/ Am!8n1m<?v=;=,=<"D0.0;=<?-'/Y!:sb|%´Y<"/g.#"
>F,)v=<?-'/Am!8t,=.0/2vb-'/ª³/g;)FE0$/21 &p-'G$;=<"D0E?F "2 ﬁ 0,)-+&pFpv)v)-',)vﬃx`,)-'G Mg ﬁI$/21N0<"*ﬁN2F, 
Bb-¯F,4B¬ 0,)-+&pFpv)v)-',)v $/21°tE"0N$ 0,)-+&pFpv)v)-',)v!5°wvwE"<";=;=E?F$'vRM9:# -x¬sw$/210-'G
°%&p&pFpv)v 9:FGo-',= `st°w9 R<?v,)Fpug.0<",)Fp1!|~N2F,)Ff$,)Fo/2-n-';=N2F,N$,)1m¯~$,)F,)FpuO.0<",)FKz
GoF/O;)v! * F,)v=<?-'/aAm!8fv=.00-',=;)v5´<"/g.#":(F,=/2FEC>F,)v=<?-'/2v57m!87f$/21d7m! M2!6°R/gn-'/2F -x
;=N2F6´Y<"/g.#"@v)-x`;}¯$,)F1m<?v=;=,=<"D0.0;=<?-'/n&$/DFI.2v)Fp1!
|~N2FIv=mv=;)FG .2v)Fp1ox£-', ;=N0<?v;=N2Fpv=<?vN$'1'0$'vv=N2-¯%/<"/|^$D0E?F5m!" 0$/f°%1m>ﬁ$/2&pFp1
9n<?&,)-nHIF>+<?&pFpv ª}/2& `°w9nHﬀ5Hw.0,)-'/ ﬁPﬁy9:R¡0,)-+&pFpv)v)-',$/21 7ﬁPﬁn9n#²st°w9!
|~N2Fn´<"/g.#"(F,=/2FER¯$'v >F,)v=<?-'/7m! M2!" ﬁ!¤°t$,=;ox,)-'GS;=N2F(F,=/2FE~;=N2Fyv)-x`;}¯~$,)F
v)F;=.0y¯$'v v=;$/212$,)1nstFp10I$; ´<"/g.#"nr+!" ﬁ!
[ Z ^
|~N2F~v=;)F2vC10Fpv)&,=<"DFpvb;=N2F0,)-O&pFpv)v-x<"/2v=;$E"E"<"/0*5sb|%´Y<"/g.#"Dg4$;)&N0<"/0*4$wv=;$/212$,)1
´<"/O.#"y(F,=/2FE !t|~N2F,)F$,)F4<"/@x $'&;R;=N0,)FpF v=E"<"*ﬁNg;=E"@1m<F,)F/g;I<"/2v=;$E"Ei$;=<?-'/GoF;=N2-+10v
¯%N0<?&N:$,)F5v=.00-',=;)Fp1!
• B$;)&)N0<"/0*$v=;$/212$,)1y´<"/g.#"(F,=/2FE !
• ª³/2v=;$E"E"<"/0* $0,)FKz $;)&)N2Fp1y´Y<"/g.#"@(F,=/2FE !
• ª³/2v=;$E"E"<"/0*o.2v)<"/0*stFp10I$; Bb$'&(F;R9$/$*F, `sRB 9 ¬$'&('$*Fpvﬃ!
#~-';=N ;=N2FEi$;=;)F,GoF;=N2-+10v<"/g>-'E">Fpvx£F¯¬F,ov);)F2v$/21 <?vGoF$/g;;)-DFv=<"G0E?F,!
BbF,)v)-'/$E"E"ª 0,)FKx`F,%;)-$;)&Nn$ v=;$/212$,)1(F,=/2FEmDFp&$.2v)FI;=N0<?v%*ﬁ<">Fpv~GoFIDF;=;)F,
-ﬃ>F,$E"E^&p-'/g;=,)-'Eb-xb;=N2FI0,)-+&pFpv)v!
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